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E zlm 4 GRID COORDINATE SYSTEM ASEO ON ROCKY FLATS COORDINATE SYSTEM. 

ELEVATION BASE0 ON MEAN SEA LEVEL NAVD88. 
TOPOGRAPHIC MAP AN0 GEN ?AL SURFACE FEATURES PROVIDE0 BY KAISER-HILL 
[OCTOBER 2003 1 .  
SLURRY WALL DETAILS WERE COMPILED FROM DRAWINGS I N  THE 
OU 7 CLOSURE PLAN NORTH SLURRY WALL TECHNICAL SPECIFICATIONS (MAY 1995). 
SEEP SYSTEM DETAILS WERE COMPILED FROM DRAWINGS I N  THE OU 7 PASSIVE SEEP 
COLLECTION AN0 TREATMENT SYSTEM TECHNICAL SPECIFICATIONS (DECEMBER 1 9 9 5 ) .  
GROUNDWATER DIVERSION P I P E  DETAILS WERE COMPILED FROM THE SANITARY LANDFILL 
RENOVATION DRAWINGS (AUGUST 1 9 7 4 ) .  
THE L I M I T  OF WASTE WAS DETERMINED I N  THE WESTERN HALF OF THE LANDFILL FROM 
THE SANITARY LANDFILL RENOVATION DRAWINGS (AUGUST 1 9 7 4 ) .  AN0 I N  THE EASTERN 
HALF OF THE LANDFILL FROM HISTORICAL AERIAL PHOTGRAPHS. 

N 

ASBESTOS CELL DETAILS WERE COMPILED FROM DRAWINGS I N  THE OU 7 CLOSURE PLAN 0 200' 
NORTH SLURRY WALL TECHNICAL SPECIFICATIONS (MAY 1 9 9 5 ) .  u 
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LF-5 3.0 
LF-6 3.0 
LF-7 2.7 

LF-9 1.7 
LF-8 3.7 

LF-10 3 . 4  
I F-11 2.0'  

CUT/F ILL  DEPTH 
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-.-.-.-.-.-.-.-.- APPROXIMATE L I M I T  OF WASTE 
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LEGEND 
10 FOOT CONTOURS 

2 FOOT CONTOURS 

E X I S T I N G  TOPOGRAPHY. MAJOR CONTOURS 

E X I S T I N G  TOPOGRAPHY. MINOR CONTOURS 

APPROXIMATE L I M I T  OF IMPERMEABLE GEOSYNTHETICS 

APPROXIMATE L I M I T  OF WASTE 

D I V E R S I O N  BERM 

PERIMETER CHANNEL CONTOUR 

GRAVEL ROAD 

N0TE:ADDIT IONAL E L E V A T I O N  CONTOUR 
T I E - I N S  ARE REOUIRED AT THE EAST FACE 
ONLY FOR CONSTRUCTION LAYOUT. AND 
W I L L  BE PROVIDED A T  A LATER DATE. 
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E X I S T I N G  TOPOGRAPHY. MAJOR CONTOURS 

E X I S T I N G  TOPOGRAPHY. MINOR CONTOURS 

APPROXIMATE L I M I T  OF IMPERMEABLE GEOSYNTHETICS 

APPROXIMATE L I M I T  OF WASTE 
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PROPOSED GAS EXTRACTION VENTILATOR 

PROPOSED HEADER ACCESS RISER Dl 
._-___--_-_-__ PROPOSED GAS EXTRACTION TRENCH 

59Zo’-- EX I ST I NG CONTOURS 

-5 98 0 ’- PROPOSED F I N A L  GRADES 
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LEGEND 

L I N E  I SURFACE I OFFSET 
E X I S T I N G  SURFACE 
DESIGN REGRADED 
TOP OF SURFACE 

Scaled 5.00 Times Ver. 
Scaled 1.00 Times Hor. 
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24" INF 'I1 .TRATION SOIL LAYER 

12" BIOTA LAYER 

I O  CUSHION SOIL 

DRNNAGE NET 

SMOOTH FML (USE 

' GCL 

6" CUSHION SOIL 

REGRADE SURFACE 

GEOSYNTHETIC COMPOSITE FINAL COVER 
N T S  

TEXTURED ON EAST SLOPE)  SEED ANY DISTURBED SIDESI!OPES 
ACCORDING TO SPECIFICATIONS. 

I 
NAG SCISD OR EDUIVALENT EROSION 
M T  ON ANY DISTURBED SIDESLOPES. 
STAPLE AN0 EMBED ACCDRDING TO 
SPEC I F  ICAT IONS. 

CEDTEXTILE (SEE SPEClFlCATIONSl I 
I \ Y I N  4 '  GRANULAR BEDDING l D ' - o "  

LAYER FOR RIPRAP 
I SEE SPEC I F  ICATl DNS I 

RIPRAP LINED CHANNEL DETAIL 
N T S  

NAG SC15D OR EOUIVALENT EROSION MAT. STAPLE 
ACCORDING TO MANUFACTURERS RECOMMENDATIONS. 

EMBED ACCORDING TO 
MANUFACTURE'S 
RECOMMENDATIONS 

24" INFILTRATION SOIL LAYER 

1 2  BIOTA LAYER 

I O  CUSHION SOU MWUFACTURER'S RECOMENOATIONS. ~ ~ T $ ~ ~ D E ~ l & o ~  :Lrf#$ EMBED ACCORDING TO EXTEND EROSION YAT TO COVER N4Y 

ABOVE CHWML INVERT. 

6" CUSHION SOIL 
NAG SC150 OR EOUIVALENT EROSION 
STAPLE PATTERN 0. 

REGRADE SURFACE 2' 

1 I D '  -0. I 
LANCHOR TRENCH -EXTEND CON TO PERIMETER CHANNEL 

IFILL WITH CUSHION SOIL) 

ANCHOR TRENCH * 
N T S  , REVISIW DEICRlPllW 

I I I I I I I I I  I 

* NOTE: IF WASTE IS ENCOUNTERED DURING THE EXCAVATION OF 
THE ANCHOR TRENCH WASTE MATERIAL WUL BE OVER EXCAVATED 
AN ADDITIONAL 1-FOOi. OVER EXCAVATIONS WILL BE FILLED WITH CUSHION LAYER 
SOIL TO THE DESIGN DIMENSIONS OF ANCHOR TRENCH. 

PRESENT LANDFILL 

I 
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I 

SC150 C350 

I 1 . -  I 

I 
I 
I 
I 

NAC SC150 OR EOUIVALENT EROSION 
MAT. STAPLE ACCORDING TO 
MANUFACTURER'S RECOMMENDATIONS. 
EXTEND 2 0  FROM DIVERSION BERM. 

NAG C350 OR EOUIVPLENT EROSION 
MAT. STAPLE ACCOROlNG TO 
MANUf ACTURER'S RECOMMENDATIONS. 

24" INFILTRATION SOIL LAYER 
I 

12" ROCK LAYER 

10" CUSHION SOIL 
i 

6 CUSHION SOIL 

TOP OF REGRADE REGRADE SURFACE 

I I  
4" CENTER SLOTTED OUTFALL ADS DRANS (SEE NOTE TO 1) 

DRANAGE ROCK 
(SEE SPECIFICATION 02245) 

AWCHOR TRENCH 
MlNlMUN Z'X2' 

EAST SLOPE COVER BREAK AND DIVERSION BERM 
N T S  

NOTE: IF WASTE IS ENCOUNTERED DURING THE EXCAVATION OF 
THE ANCHOR TRENCH WASTE MATERIAL WILL BE OVER EXCAVATED 
AN ADDITIONAL 1-FOOi. OVER EXCAVATIONS WILL BE FILLED WITH CUSHION LAYER 
SOIL TO THE DESIGN DlMENSIOW OF ANCHOR TRENCH. 

W I M W )  BOULDERS 
2 ROWS-STAGGERED I 2: l ITYP)  I 

A A I A 

3:l (TYP) T , /  I T 
I 

NAC SC150 OR 
15' - 

1% TO 2% SLOPE 

MIN 5' ' 
N o p d c E ~ ~ E L q  
EROSION MAT. 
STAPLE PATTERN D. 

10-0 MIN 

EXTEND BERM 
AT 45 ANGLE 

10'-0 MIN 

.-RIPRAP (NOT GROUTED) 
- 6  

THICKNESS-12'' 

I 
NAG SC15D OR 
EOUIVALENT 
EROSION MAT. 
STAPLE ACCORDING 
TO MANUFACTURER'S 
RE COMENDATIONS. 

DOWNSLOPE CHANNEL TRANSITION FROM EAST SLOPE BERM TO PERIMETER CHANNEL 
N T S  

'-- 12" INFILTRATION SOIL LAYER J 

\GROUP\CAD\ROCKY-fLATS\NEW DESIGN 2003 \DETULS\LNOflLLCVR.DGN 1/23/04 



14 14 -- , 

I- D 

B 

B 

/4' I.D. SCH. 40 PVC PIPE 

GRAVEL PAD GROUND SURFACE 

GENERAL BACKFILL 

FINAL COVER 
SYSTEM 

L 
4' ADS N-12 
PERFORATED PIPE 

FINAL COVER 
SYSTEM 

SECTION A-A' 

GAS EXTRACTION TRENCH 
4.5' PVC BLIND TEE FITTING 

-TOP OF SUEGRADE 
(REGRKIE PLUS 6 CUSHON SOIL) t 

1' CAS HEADER 
PIPE TRENCH 

L 4 '  ADS N-12 
PERFORATED PIPE 

EXISTING 
WASTE > 

EXISTING GRADE 

4" BLIND FLANGE 4 
CONNECTION 

4" HDPE PIPE 7 -MONITORING PORT 

TRENCH - EXTRUSION WELD (TYP) 

HDPE GEOMEMBRANE CASING SEAL 
4' TRANSITION DUCT FOR CONNECTING 
BIRD SCREEN AN0 PVC PIPE -t 180'' U-LOOP- 

FINAL COVER 
SYSTEM 

-TOP OF SUBGRADE 
(REGRADE PLUS 6" CUSHION SOIL) -I 

t'l 
TYPICAL GEOSYNTHETIC CAP PENETRATION 
NTS 5 ' -0  MIN 

I - 1- 
\J y - 0  

1 '-a GAS VENT NOTES 

1. LANDFILL GAS SYSTEM MAY CHANGE DUE TO SITE CONDITIONS AT THE TIME OF CONSTRUC 

2. ALL PVC PIPE AND FITTINGS ARE SCH 80 EXCEPT AS NOTED. 

3. ALL HOPE PIPE IS SDR-17 AND ALL HDPE FITTINGS ARE SDR-11 EXCEPT AS NOTED. 

4. COMPACT CLEAN SAND BEDDING AND BACKFILL IN MAXIMUM LIFTS OF 9 .  

5. ALL NUTS, BOLTS, AND WASHERS ARE CADMIUM PLATED UNLESS OTHERWISE NOTED. 

BENTONITE MAT SURFACE SEAL 
I \ \  - 4" HDPE 

90' ELBOW \-1-12" RECOMPACTEO LOW 
\START 4" ADS N-12 PERMEABILITY SOIL 

PERFORATED PIPE 
I 3 a  HEADER ACCESS RISER 

I .  .... I .  I .  1 . 1 .  1 .  I .  1. 

;ROUP\CAD\ROCKY-FLATS\New Design 2003/dindo/gos-extr/rock_det2.DGN 1/26/04 



I 

I l l  U T m U .  
I RIM. OESCRPlOY 

APPROXIMATE EXTENT OF 
/MIN. Y COUBlEIED ROCKISOR COVER OVER COLLECTION PIPE r Y E P  COLLECTION WO TREATMENT SYSTEM 

ELEY 

---- 
PLAN VIEW, EXISTING PASSIVE TREATMENT SYSTEM 

---_ .. '. \ 

w 
Scala in fool 

PRECAST VAULT 
6' WIDE X 12' 6" LONG X 7' DEEP 

(INSIDE DEUENSIONS) 

3 PVC VENT PIPE AN0 
FITTINGS 6 M C E S W Y  

3 0  DIA WATERTIGHT RING M COVER 

N P R  
0-  

121 12" PRECAST GRADE RING 
SENE0 TO VWLT WITH CASKET C O N Y N  CS-102 

HIGH LEVEL BEACON 

AQ PANEL SEE DETAlL 12 

N( OETECTION BEACON 

10 SOUME STEEL HATCH 
INSDE 2" TWCK POLYURETHANE 

'6 REBM ANCHOR 
5.5'LoWC (TYP.1 
WITH REBLR CAP 

EXTENT OF EXCAVATION 

APPROX SEEP LOCATION EXISTING '. 5924.25 PPE INVERT ELEV. 5924.14 

STEEL FLANGE 

WALL OF TbNK 12".12"~4" 

EXCAVATE TO WEATHERED BEDROCK 
OR 6" BELOW BOTTOM OF T*NK WHICH 

EVER '?4Ah%!bR OEPTH ELEV. 59l2.20 

EXTENDS r BEYOND SWP 

BOTTOM OF TWK 
ELEV. 5915.20' APPROXIMATE 

WITH CONTRKTOR APPROVAL 

CROSS - SECTION A - A ' 
-4 

Scole in foe1 

CROUP\CAD\ROCKY_FLATS\NEW-OESlGN2OO~\OETAlLS\SEEPDET.DCN lO/11/02 

d FILTER FMRIC 

_____- - -  L ...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5" SOLI0 P1  RISERS FOR 

PVC LINER. 40 MIL TO BE SEUlED AS REOURED 
ON JOB SITE WITH 4'* MIN. OVERLAP 
TO BE REMUMNC IN P L K E  

5" YOTTEO PVC PIPE 

N L  J" PVC PIPE IS SCHEDULE 40. SEE SPECIFICATWN SECTION OJlDO 

CROSS - SECTION B - 6' 

I 
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PORTION OF SYSTEM REMAINING NEW SYSTEM 
. &  

APPROXIMATE EXTENT OF 
r S E E P  COLLECTION AN0 TREATMENT SYSTEM 

ELEV. 

NEW SYSTEM DRAWING ENLARGED ON 

Scale in feel 

ND ELEVATION 5.923.5' 

WITH REBAR C 

APPROX SEEP LOCATION EXISTING 
5924.25 PPE INVERT ELEV. 5924.14 

L H L E T  ELEVATION 5.923.0' RELOCATED I FLOW METER 

T ELEVATION 5.920.5' 

I 40 UIL PVC LINER/ 
ELEV. 5921.25 NEW SYSTEM DRAWING ENLARGED 

ON DETAIL 

CROSS - SECTION A - A ' (PROPOSED) 

-4 
Scale in feet 

NOTE: RELOCATE EXISTING FLOW METER 
i AND ASSOCIATED ELECTRONICS TO 

NEW MANHOLE LOCATION. 
! 

REVISIW DEYRlPllW 
I I I I I I I I I  I 

I .." I 

L:\CROUP\CLD\ROCKY FLATS\NEW DESIGN 200~\OETAILS\WTRBUNKERDTL.OGN 



PORTION OF SYSTEM 
REMAINING 

4" SLOTTED PVC 
SOR 26 

NEW SYSTEM 

P 21" ACCES WITH 
COVER 7 

FLOW DIRECTION 12% GRADE) 

L 

SEAL ANNULAR S P A C E 7  7 GROUND ELEVATION 5.923.5 

+ 1 . 4 5 ' T Y P . A  
S T  CONCRETE MANHOLE 

1 1  
n\ I II q-7  SEAL 

6 
FLOW METER 

L 4 "  ORbJNAGE ROCK BASE 

INLET ELEVATION 5.923.0A I 
TO BE DETERMINED BASED 
ON FIELO FIT OF MANHOLE 

CROSS - SECTION 

PARTS LIST 

1 4"x3" REDUCER SCH 80 'E 2 5" SCH 80 PVC (SECONDARY CONTAINMENT PIPE) 

0 3 "  SCH 80 PVC (CARRIER PIPE) 

@ 3 "  SCH 80 PVC 90' ELBOW 

@ULTRASONIC FLOW METER (EXISTING) 

I 

OUTLET ELEVATION 5.920.5'- - \II 1 II 
I 

15' 
CONCRETE -4" DRbJNAGE ROCK BASE 

STRUCTURE -I 

A - A  (PROPOSED) 
SCKE , 

Scale in feet 

NOTE: RELOCATE EXISTING FLOW METER 
AND ASSOCIATED ELECTRONICS TO 
NEW MANHOLE LOCATION. 

I .- I I 

\GROUP\CAD\RC€KY FLATS\NEW DESIGN 200J\DETAILS\TRTUNTNTl.DGN 



ROCKY FLATS 
ENVl RONMENTAL 
TECHNOLOGY SITE 

DRAWINGS 



D E S I G N  OF AN ENGINEERED COVER FOP TM \ I I I L  

4 N 

I B 

B 

VICINITY MAP 

105015' 105000 105O45' 
I I 

I A I 
I 

0001 

04 5 

1 

Rocky Nofs Site 

0 D J m r u  

MarsLon Lake 

0 10 Miles 

0 5 10 Kilometers 
& 

SHEET NO. 
51 781 - X O O 1  
51 781 -001 
51 781 -002 
51 781 -003 
51 781 -004 
51 781 -005 
51 781 -006A 
51 787-0068 
51 781 -006C 
51 781 -007 
51 781 -008 
51 781 -009 
51 781 -01 0 
51 781 -01 1 
51 781 -01 2 
51 781 -01 3 A  
51 781 -01 3 8  
51 781 -01 4 
51 781 -01 5 

6 
7 
8 

51 781 -0 
51 781 -0 
51 781 -0 

PRESENT LANDF I L L  
SHEET INDEX 

DESCR I P T  I ON 
RFETS P L F  COVER SHEET 
V I C I N I T Y  MAP AND DRAWING 
T R A F F I C  FLOW PATTERNS 
E X I S T I N G  CONDIT IONS 

I 

! 

I 
iNDEX 

I 

C U T I F I L L  ISOPACH TOP OF RE:GRADED 
DESIGN TOP OF REGRADED SUR,FACE 
DESIGN PERIMETER CHANNEL 
ANCHOR TRENCH 
GRADE BREAKS 
DESIGN TOP OF SUBGRADE 
DESIGN TOP OF F I N A L  COVER 
SURFACE WATER MANAGEMENT PLAN 
GAS MANAGEMENT SYSTEM 
L A N D F I L L  CROSS SECTIONS 
L A N D F I L L  COVER AND SURFACE WATER 
L A N D F I L L  COVER D E T A I L S  EAST FACE 
L A N D F I L L  COVER D E T A I L S  EAST FACE 

SURFACE 

D E T A I L S  

- _  
GAS MANAGEMENT D E T A I L S  
E X I S T I N G  SEEP P A S S I V E  TREATMENT SYSTEM 

SYSTEM LAYOUT 
SYSTEM D E T A I L  
SYSTEM DETA I L 

NEW SEEP P A S S I V E  TREATMENT 
NEW SEEP P A S S I V E  TREATMENT 
NEW SEEP P A S S I V E  TREATMENT 



\ 

I 
I 
$ M Y R l P I l L U  Y L T C R I U  ow. 

LTO WEST ACCESS GATE 
~ 

DOUBLE TRAFFIC 

I 

tOUP\CAD\ROCKY-FLATS\New Oesign2003\Houl-r te\haulrte.dgn Dote: 4-2004 
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1 - OUT ROUTE 
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LEGEND 

A CONTROL POINT 

p'p POWER POLE 

XXXXQ GAS MONITORING WELL AN0 WELL NUMBER 

FENCE -I-,- 

(- GUY WIRE 

@ BENCHMARK 

TRANSMISSION L I N E  

GRAVEL ROAD 

H VALVE BOXES 

0 MANHOLE 

-----------___- APPROXIMATE L I M I T  OF IMPERMEABLE GEOSYNTHETICS 

APPROXIMATE L I M I T  OF WASTE 

SLURRY WALL 

PERFORATED P IPE 

CLOSED JOINT P I P E  

FORMER ASBESTOS DISPOSAL AREA (APPROXIMATE 1 

1 0  FOOT CONTOUR 

2 FOOT CONTOUR 

-.-.-.-.-.-.-.- 

- - - - - - - - 

+4mm 
E ZOOM) 

GRID COORDINATE SYSTEM 

-..-..-..-..- .._.._.._. 

+ + 

W r i R l u  
* ,  
i 

/ 

.i 
INFERRED FAULT NO.2 

+ 

. 

*,m 
E Z l m o  

/ 

i 
i 

NOTES: c c 
( 1 )  G R I D  COORDINATE SYSTEM BASED ON ROCKY FLATS COORDINATE SYSTEM. 
(2) ELEVATION BASE0 ON MEAN SEA LEVEL NAVDBB. 
(3) TOPOGRAPHIC MAP AND GENERAL SURFACE FEATURES PROVIDED BY KAISER-HILL 

1 4 )  SLURRY WALL DETAILS WERE COMPILED FROM DRAWINGS I N  THE 
OU 7 CLOSURE PLAN NORTH SLURRY WALL TECHNICAL SPECIFICATIONS IMAY 1 9 9 5 ) .  

151 SEEP SYSTEM DETAILS WERE COMPILED FROM DRAWINGS I N  THE OU 1 PASSIVE SEEP 
COLLECTION AN0 TREATMENT SYSTEM TECHNICAL SPECIFICATIONS [DECEMBER 1 9 9 5 ) .  

( 6 )  GROUNDWATER DIVERSION P I P E  DETAILS WERE COMPILED FROM THE SANITARY LANDFILL 
RENOVATION DRAWINGS IAUGUST 1 9 7 4 ) .  

I T )  THE L I M I T  OF WASTE WAS DETERMINED I N  THE WESTERN HALF OF THE LANDFILL FROM 
THE SANITARY LANDFILL RENOVATION DRAWINGS (AUGUST 1 9 7 4 ) .  AND I N  THE EASTERN 
HALF OF THE LANDFILL FROM HISTORICAL AERIAL PHOTGRAPHS. 

NORTH SLURRY WALL TECHNICAL SPECIFICATIONS IMAY 1995). 

0-L 

4 
i 

[OCTOBER 20031. 

2 0 0  

Lh2c-J IBI 51781-003 10 

( 8 1  ASBESTOS CELL DETAILS WERE COMPILED FROM DRAWINGS I N  THE OU 7 CLOSURE PLAN 

( 9 )  TEST P I T S  INDICATE THIS  SLUMP IS A LOCALIZED SURFACE DEPRESSION AN0 NOT A 
DEEPER LANDSLIDE. 0 

fOUP\CAD\ROCKY -FLATS\New Design2004\EXISTCOND\EXISTCON.dgn Date: 1-2004 
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LEGEND n DEPTH OF COVER CUT/FILL DDPTI 
1f-1 3.6' CUT 2.6' 

4.3' 
4.7' 
4.7' 
3.0' 
3.0' 
2.7' 
3.7' 
1.7' 
3.4' 
2.0 '  
2.8' 
1.8' 
3.0' 
3.0' 
3.0' 
3.0' 
1.0' 

TA3E1 0.4' CUT 0.8' 
TA3EZ 1.3 '  CUT 0.9' 
TA3N1 1.3' CUT 1.9' 
ta351 3.0' CUT 0.8' 
ta3w1 1.4' CUT 0.6' 
ta4e1 0.5' CUT 0.3' 
TA4E2 1.3' CUT 0.4' 
TA4N1 , 1.2' CUT 0.2'  
ta451 0.6' CUT 0.3' 
ta452 1.3' CUT 0.4' 
ta4w1 1.0' CUT 0.3' 
TA6E1 0.8'  CUT 0.2' 
TA6EZ 0.6' CUT 0.2' 
TA6N1 0.7' CUT 0.1' 

F I L L  0.2 '  tab51 1 . O '  
ta6w1 2.3' F I L L  0.6' 

F I L L  1.2' TA6W2 2.2' 

1f-2 
1f-3 
1f-4 
1f-5 
1f-6 
1f-7 
1f-8 
1f-9 
1f-10 
1f-11 
1f-12 
1f-13 
1f-14 
1f-15 
1f-16 
1f-17 
TA3C 

CUT 0.6' 
CUT 0 .6 '  
CUT 2.7 '  
F I L L  0.7' 
CUT 0.7' 
CUT 0.9' 
F I L L  5.6' 
F I L L  6 .1 '  
F I L L  2.2' 
F I L L  4.1' 
F I L L  F I L L  0.4' ? '  

CUT 0.4' 
F I L L  0.1' 
F I L L  1.3' 
F I L L  3.8' 
CUT 0.6' 
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CONSTRUCTLON ColTROL POHTS CONSTRUCTION CONTROL POWTS CONSlRUCTlOW CONTROL PDHTS 

C m T E  
39550 
39500 
39450 
39400 
39450 
39500 
39550 
39550 
39500 
39450 
39400 

i 3 2 R  
l o x ) 7  
10308 
10309 
1031 0 
10311 
1031 2 
1031 3 
1031 4 
1031 5 
1031 6 
1031 7 
1031 8 

wmi 
HyBEf i  
10351 
10352 
10353 
10354 
10355 
10356 
10357 
I0358 
10359 
10360 
10361 
10362 
10363 
1 0364 
10365 
10366 
10367 
10368 
10369 
10370 
10371 
10372 
10373 
10374 
10375 
10376 

- C W 5 i A T E  
20700 
20700 
20700 
20700 
20700 
20700 
20700 
20700 
20700 
20700 
20700 
20700 
20700 
20700 
20750 
20750 

ELF.%N 
5977.4 
5976.6 
5975.8 
5975 1 
5974.3 
5973.5 
5972.8 
5972 
5971.7 
5971.5 
5971.2 
5971 

NORTH 
COOROWTE 
39500 
39550 
39600 
39650 
39700 
39750 
39800 
39850 
39900 
39950 
4oooo 
40050 

$%R C&%TE COO%&TE EL.%& 
10246 39700 20500 5982.8 

coO5iATE 
19450 
19450 
19450 
I9500 
19500 
19500 
19500 
19550 
19550 
19550 
19550 
19550 
I9600 
19600 
19600 
19600 
19600 
19600 
19650 
19650 
19650 
19650 
I9650 
19650 
19650 
19700 
19709 
19700 
19700 
19700 
19700 
19700 
19700 
19750 
19750 
I9750 
19750 
19750 
19750 
19750 
19750 
19750 
19800 
19800 
18800 
19800 
198W 
19800 
I9800 
19800 
19800 
19800 
19850 
19850 
19850 
19850 
19850 
19850 
I9850 
19850 
19850 
19850 
19850 
19900 
19900 
19900 
19900 
19900 
19900 
19900 
19900 
19900 
19900 
19900 
19900 
19950 
19950 
19950 
19950 
19950 
18950 
19950 
18950 
19950 
19950 

I9950 
20000 
20000 
20000 

I 9950 

E L W % U  
5988 
5990 
5992 
5993.9 
5991.9 
5990 
5988 2 

5990.8 
5992.6 
5994.6 

5988 9 

CO&%TE 
201 00 
201 00 
201 00 
201 00 
201 00 
201 50 
201 50 
201 50 
201 50 
201 50 

201 50 
201 50 
201 50 
201 50 
201 50 
201 50 

201 50 

ELF.%BN 

5991.5 
5989.5 
5987.'5 
5985.5 
5983.5 
5981.9 
5983.9 
5985.9 
5987.9 
5989.9 
5991.9 
5993.9 
5996.3 
5997.9 
5996.1 
5994.6 
5993.1 
5991.6 
5990 
5988.1 
5987 
5988.8 
5990.3 
5991. 7 
5993.2 
5994.7 
5996.2 
5996.8 
5994.4 
5992.3 
5990.3 
5988.3 
5986.3 
5984.3 
5982.4 
5980.4 
5980.8 
5982.8 
5984.8 
5986.8 
5988.7 
5990.7 
5992.7 
5994.9 
5995.8 
5994.8 
5993.3 
5991.9 
5990.4 
5988.9 
5987.4 
5986.1 
5987.6 
5989 
5990.5 
5992 
5993.4 
5993.3 

d%&E 
39700 
39750 
39800 
39850 
39900 
39950 
39900 
38850 
39800 
39750 
39700 
39650 
39600 
39550 
39500 
39450 
39400 

10247 
10248 
10249 
10250 
10251 
10252 
10253 
10254 
10256 
10257 
10258 
10259 
10260 
10261 
10262 
10263 
10264 
10265 
10266 
10267 
10268 
10269 
10270 
10271 
10272 
10273 
10274 
10275 
10276 
10277 
10278 
10279 
10280 
10281 
I0282 
10283 
10284 
10285 
10286 
10287 
10288 
10289 
10290 
10291 
10292 
10293 
I0294 
10295 
10296 
10297 
10298 
10299 
10300 
10301 
10302 
10303 
10304 
10305 
10306 

39750 
39800 
39850 

~~~ 

20500 5982.5 
20500 
20500 
20500 
20500 
20500 
20500 
20500 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20550 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20600 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20650 
20700 

5982.2 
5981.9 
5981.6 
5981.3 
5981 
5980.8 

5977.4 
5978 

5978 9 

5978 3 
5978 6 
5978 8 
5979.1 
5979.4 
5979.7 
5980 
5980.3 
5980.6 
5981.4 
5982.1 
5982.9 
5983.7 
5982.3 
5981 
5980.9 
5981.8 
5981.1 
5980.3 
5979.5 
5978.8 
5978 
5977.5 
5977.2 
5976.9 
5976.7 

,0011 
1001 2 
1001 3 
1001 4 
10015 
10016 
1001 7 
1001 8 
1001 9 
1 0020 
10021 
10022 
10023 
10024 
10025 
10026 
10027 
10028 
10029 
10030 
10031 
1 0032 
10033 
10034 
10035 
10036 
10037 
1 0 0 s  
10039 
10040 
10041 
10042 
10043 
10044 
10045 
10046 
10047 
10048 
1 0049 
10050 
10051 
I0052 
10053 
10054 
10055 
I0056 
I0057 
10058 
10059 
10060 
I 006t 
I0062 
I0063 
10064 
I0065 
I0066 
IO067 
10068 
I0069 
I0070 
10071 
10072 
I0073 
I0074 
I0075 
IO076 
I0077 
IO078 
I0079 
I 0080 
I0081 
I0082 
I 0063 
10084 
10085 
I0086 
I0087 
I0088 
10089 
10090 
I0091 
I0092 
I0093 
I0094 
I0095 
I0096 
I0097 
I0098 
I0099 
10100 
IO1 01 
IO1 02 
IO1 03 
10104 
I 01 05 
10106 
IO1 07 
I 01 08 
10109 
10110 
10111 
lo112 
l o l l s  
10114 
I0115 
IO116 
10117 
I O 1 1 8  
10119 
101 20 
10121 
IO1 22 

393SO 
39350 
39400 
39450 
39500 
39550 
39600 
39600 
39550 
39500 
39450 
39400 
39350 
39300 
39300 
39uo  
39400 
39450 
39500 
39550 
39600 
39650 
39700 
39650 
39600 
39550 
39500 
39450 
39400 
39350 
39300 
39250 
39300 
39350 
39400 
39450 
39500 
39550 
39600 
39650 
39700 
39750 
39700 
39650 
39600 
39550 
39500 
39450 
39400 
39350 
39300 
39250 
39250 
39300 
39350 
39400 
39450 
39500 
39550 
39600 
39650 
39700 
39750 
39800 
39800 
39750 
39700 
39650 
39600 
39550 
39500 
39450 
39400 
39350 
39300 
39250 
39250 
39300 
39350 
39400 
39450 
39500 
39550 
39600 
39650 
39700 
39750 
39800 
39850 
39900 
39890 
39800 
39750 
39700 
39650 
39600 
39550 
39500 
39450 
39400 
39350 
39300 
39250 
39250 
S9300 
39UO 
39400 
39450 
39500 
39550 
39600 
39650 

_ _ _  .. 
5994.3 
5994.4 
5995.5 
5993.4 
5991.5 
5989.7 
5987.8 
5988 6 
5990.5 
5992.3 
5994.2 
5996.5 
5994.6 
5992.6 
5992.7 
5994.7 
5996.7 
5995.1 
5993.1 
5991.2 
5989.4 
5987.5 
5986.44 
5988 3 
5990.1 
5992 
5993.8 
5996.1 
5996.9 
5994.9 
5992.9 
5990.9 
5993 
5995 
5997 
5997 
5994.7 
5992.7 
5990.9 
5989.1 
5987.2 
5986.1 
5988 
5989. 8 
5991. 7 
5993.5 
5995.7 
5998 
5997.2 
5995.2 
5993.2 
5991 
5991 
5993.3 
5995.3 
5997.3 

5996.6 
5994.3 
5992.4 
5990.6 
5988 7 
5986.9 
5985 
5985.8 
5987.8 
5989.5 
5991.3 
5993.2 
5995.3 
5997.6 

5996.7 
5994.9 
5993 
5991.2 
5990.4 

5994.1 
5996 
5997. 8 

5996.2 
5994 
5992.1 
5990.3 
5988 4 
5986.6 
5984.7 
5963.1 
5985.1 
5987. I 
5989. I 
5991 
5992.9 
5994.9 
5997.2 

5997 
5995.2 
5993.3 
5991.5 
5989.6 

5990.7 
5992.6 
5994.4 
5995.9 
5997.7 

5995.8 
599L 5 

599a 7 

5996 5 

5992. a 

5998 4 

5998 9 

5988 9 

5998 1 

~~ 

1031 9 401 00 
401 50 
401 50 
401 00 
40050 
40000 
39950 
39900 
39850 
39800 
39750 
39700 
39650 
39600 
39550 
39500 
39450 
39500 
39550 
39600 
39650 
39700 
39750 
39800 
39850 
39900 
39950 
40000 
40050 
401 00 
401 50 
401 50 

5970.9 
5970.8 

5968.2 
5965 
5965.9 
5966.8 
5967.7 
5970.2 
5970.9 
5971.7 
5972.5 
5973.2 
5974 
5974.8 
5975.5 
5976.3 
5973.7 
5972.9 
5972.1 
5971. 4 
5970.6 
5969.0 

5968 9 
10320 
10321 
10322 
10323 
10324 
10325 
10326 
10327 
10328 
10329 
10330 
10331 
10332 
1 0333 
10334 
10335 
10336 
10337 
1 0338 
10339 
10340 
1 RHl 
10342 
10343 
I0344 
10345 
10346 
10347 
10348 
1 OM9 
10350 

101 40 
101 41 
IO1 42 
101 43 
101 44 
101 45 
IO1 46 
101 47 
101 48 
1 01 49 
101 50 
101 51 
101 52 
IO1 53 
10154 
101 55 
101 56 
101 57 
10158 
101 59 
101 60 
10161 
101 62 
101 63 
101 64 
101 65 
101 66 
101 67 
101 68 
101 69 
101 70 
IO171 
101 72 
101 73 
101 74 
10175 
10176 
101 77 
101 78 
101 79 
101 80 
101 81 
101 82 
101 83 
101 84 
IO1 85 
10186 
101 87 
101 88 
101 89 
1 01 90 
1 01 91 
101 92 
101 93 
101 94 
101 95 
101 96 
101 97 
101 98 
101 99 
10200 
10201 
10202 
10203 
10204 
I0205 
I0206 
10207 
10208 
I0209 
I021 0 
10211 
1021 2 
10213 
1021 4 
10215 
I021 6 
I021 7 
10218 
1021 9 
10220 
10221 
10222 
10223 
10224 
10225 
10226 
10227 
10228 
10229 
10230 
10231 
10232 
10233 
10234 
10235 
10236 
10237 
1 0 2 s  
10239 
10240 
10241 
10242 
10243 
10244 
10245 

~~ ~ 

39350 
39300 
39250 
39250 
39300 
39350 
39400 
39450 
39500 
39550 
39600 
39650 
39700 
39750 
39800 
39850 
39900 
39950 
40000 
40000 
39950 
39900 
39850 
39800 
39750 
39700 
39650 
39600 
39550 
39500 
39450 
39400 
39350 
39300 
39300 
39350 
39400 
39450 
39500 
39550 
39600 

201 50 
201 50 
201 50 
20200 

39350 
39400 
39450 
39500 
39550 
39600 
39650 
39700 
39750 
39800 
39850 
39900 
39950 
40000 
40050 
401 00 
401 50 
40200 
401 50 
401 00 
40050 
40000 
39950 
39900 
39850 
39800 
39750 
39700 
39650 
39600 
39550 
39500 
S9450 
39400 
39450 

I 
I I 

10377 
10.378 
10379 
I 03Bo 
10381 
1 0 x 2  
1 O M 3  

f 

401 00 
40050 

20800 
20800 20200 

20200 

5976.4 
5976.1 
5975.8 

5955.2 

5953.4 I 
5954.3 ; 

5975. 5 
5975.2 
5974. 8 
2972.7 

20250 
20250 
20250 
20250 
20250 
20250 
20300 
20300 
20300 
20300 
20300 
20300 
20300 
20300 
20300 
20300 
20300 
2 0 x 0  
20300 
20300 
20300 
20300 
20350 
20350 
20350 
20350 
20350 
20350 
20350 
20350 
20350 
20350 

20350 
20350 
20350 
20350 
20350 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20400 
20450 
20450 
20450 
20450 
20450 
20450 
20450 

20450 
20450 
20450 
20450 
20450 
20450 
20450 
20450 
20500 
20900 
20500 
20500 
20500 
20500 
20500 

20350 

20450 

5974.5 ... - . . L . . - - 0 -  

5974.7 I 

5993 
5992.7 
5991.2 
5989.2 
5987.2 
5985.2 
5983.2 
5981.2 
5979.2 
5979.6 
5981.6 
5983.6 
5985.6 
5987.6 
5989.6 
5989.9 
5990.2 
5990.5 
5990.8 
5991.1 
5990.6 
5989.2 
5987.7 
5986.2 
5984.7 
5963. 4 
5984.9 
5986.3 
5987.8 
5989.3 
5988.6 
5988.3 
5988 
5987.7 
5987.5 
5987.2 
5986.9 
5986 
5984 
5982 
5980 
5978.1 
5978.5 
5980.4 

400G 

39500 
39450 
39400 
39350 
39300 
39300 
39350 
39400 
39450 
39500 
39550 
39600 
39650 
39700 
39750 
39800 
39850 
39900 
39950 

C 

K 1 
a 
a c) 
/ 

LL 
._ 
m 

a / 
-t 
0 
0 
N 
a 
In 
0 

.- 

2 FOOT CONTOUR 
_--_ 

'I !% GRID COORDINATE SYSTEM 
i mis 
10288 CONTROL POINT NUMBER 
5975.2 CONTROL POINT ELEVATION 

EXTENT OF RIPRAP 

201 00 
201 00 
201 00 
201 00 
201 00 
201 00 
201 00 
201 00 

6 
3 
0 a 
0 



- 

e 

6525 
6526 
1 1000 
1 1001 
1 1002 
1 1003 
1 1004 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

005 
006 
007 
008 
009 
01 0 
01 1 
01 2 
01 3 
01 4 
01 5 
01 6 
01 7 
01 8 
01 9 
020 
021 
022 
023 
024 
025 
026 
027 
028 
029 

1 1  030 
1 1  031 
1 1  032 
1 1  033 
1 1  034 
1 1  035 
1 1  036 
1 1  037 
1 1  038 
1 1  039 
1 1040 
1 1  041 
1 1  042 
1 1043 
1 1  044 
1 1  045 

CONSTRUCTION CONTROL POINTS 
POINT NORTH EAST DESIGN 
NUMBER COORDINATE COOROWATE ELEVATION 

39559.6 19452.8 5987.1 
39580. 2 
4031 8 
40309.6 
40285. 5 
40306 
40286.8 
40263. 9 
40239.2 
40263. 1 
40239 
4021 4. 7 
401 82. 8 
40207.1 
401 99. 8 
401 75. 5 
401 92. 8 
401 67. 5 
401 1 8. 3 
401 38. 4 
40054.3 
40035.1 
39989.4 
40007.6 
39943.2 
39923.5 
39858.7 
39878.1 
39786.1 
39766.2 
39670.9 
39691.1 
39621. 6 
39599.1 
39521.6 
39533.9 
39441 
39458 
39407.8 
39390.8 
39333.2 
39350.2 
39346.6 
39321.6 
39299.2 
39320 
39281.3 
39258.4 

19437. 5 
20992. 7 
20998.4 
20952 
20936.2 
20867.5 
20879.1 
20770.1 
20761.6 
20633.1 
20640.6 
2051 1.9 
20504.8 
20450.8 
20457.9 
2041 7. 2 
2041 9. 2 
20288.4 
20273.2 
201 56. 4 
201 72. 9 
201 12. 2 
20094.6 
20005.9 
20021.8 
19933.2 
1991 7 
19791. 5 
19806.5 
19677.4 
19662. 7 
19521.8 
19532.6 
19409.6 
19387.8 
19395.5 
1941 3. 8 
19439 
19420.7 
19465.6 
19483.9 
19487.2 
19473.8 
1951 8. 9 
19529.8 
1 9621. 4 
1961 0. 5 

5987.1 
5960 
5960 
5962 
5962 
5964 
5964 
5966 
5966 
5968 
5968 
5970 
5970 
5972 
5972 
5974 
5974 
5972 
5972 
5974 
5974 
5976 
5976 
5978 
5978 
5980 
5980 
5982 
5982 
5984 
5984 
5986 
5986 
5988 
5988 
5990 
5990 
5992 
5992 
5994 
5994 
5994 
5994 
5992 
5992 
5990 
5990 

CONSTRUCTION CONTROL POINTS 
POINT NORTH EAST DESIGN 
NUMBER COORDINATE COORDINATE ELEVATION 

1 1  046 39222. 8 
1 1  047 39246. 1 
1 1  048 3921 6.1 
1 1  049 391 92. 2 
1 1  050 391 78. 1 
1 1  051 39202. 7 
1 1  052 391 96.5 
1053 39171.2 
1054 39177.1 
1055 39202.4 
1056 39213.2 
1057 39188 
1058 39200.5 
1059 39225. 7 
1060 39240.2 
061 39215.6 
062 39248 
063 39272.2 
064 39307.8 
065 39290.1 
066 39329.5 
067 39353.1 
068 39434.1 
069 39410.2 
070 39482.8 
071 39507. 2 
072 39545.3 
073 39520 

19705.5 
1971 5. 3 
19806.5 
19800.6 
19897. 7 
19903. 7 
19998.1 
19998 
20095.8 
20095.4 
201 94.3 
201 95. 4 
20295 
20293.3 
20390.8 
20396.6 
20488 
20480.8 
20570.2 
20577.8 
20670.3 
20661.1 
20846.2 
20854.6 
21 042. 5 
21 035. 8 
21 149 
21 149. 9 

5988 
5988 
5986 
5986 
5984 
5984 
5982 
5982 
5980 
5980 
5978 
5978 
5976 
5976 
5974 
5974 
5972 
5972 
5970 
5970 
5968 
5968 
5966 
5966 
5964 
5964 
5962 
5962 

CONSTRUCTION CONTROL POINTS 
POINT NORTH EAST DESIGN 
NUMBER COORDINATE COORDINATE ELEVATION 

11074 39530.4 21238 5960 

CONSTRUCTION CONTROL POINTS 
POINT NORTH EAST DESIGN 
NUMBER COORDINATE COORDINATE ELEVATION 

11093 39597.2 21557.3 5942 ~~ 

1 1094 39602.8 21 572- 9 5940. 1 1  108 3971 6.6 1 1075 39543.1 
11076 39553.9 21335.3 5958 11095 39617.9 21560. 7 5940 1 1  109 39706. 6 
11077 39543.8 21336. 7 5958 11096 39619. 9 21569. 7 5938 11110 39720 
11078 39547.2 21383 5956 11097 39607. 5 21578.6 5938 1 1 1 1 1  39728.6 

21235.9 5960 

11079 39556.8 21382.5 5956 11098 39613.4 21582. 8 5936 1 1  1 1  2 39739.3 
11080 39560.6 21417.2 5954 11099 39620. 6 21574. 2 5936 1 1  1 1  3 39733.8 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

081 39548. 6 21419. 1 5954 
082 39550. 7 21438 5952 
OB3 39561.3 21436.3 5952 
084 39568.4 21469.3 5950 
085 39558.6 21471.2 5950 
086 39566.6 21 497 5948 
087 39574.5 21493.5 5948 
088 39585.6 21518.1 5946 
089 39573 21526.2 5946 

I__.. . . . . -. 
CONSTRUCTION CONTROL POINTS 

EAST 1 DESIGN CONSTRUCTION CONTROL POINTS POINT NORTH EAST DESIGN 
NUMBER COORDINATE COORDINATE ELEVATION NUMBER POINT COORDINATE NORTH COORDINATE ELEVATION 

11119 39784 21 708. 5 .591 6 11107 39705.6 21642 5928 

11120 39799.9 21717. 7 5914 
21652. 4 , 5926 
21660.1 5926 11121 39795.7 21723.9 5914 
21677.4 5924 

11122 39809. 7 21736.6 5912 21670.1 5924 
11123 39814.9 21727. 3 5912 21682. 3 5922 
11124 39830.4 21734. 5 5910 21688. 6 5922 
1 1  125 39825. 7 21 741.1 591 0 21698. 2 5920 11100 39633. 3 21585.1 5934 1 1  1 1  4 39749. 7 

11101 39625.2 21594. 8 5934 1 1  1 1  5 39754.8 
1 1 1  02 39640. 1 21604. 7 5932 1 1  1 1  6 39768.3 
11103 39646. 4 21595.8 5932 1 1  1 1  7 39763. 6 

11105 39676. 3 21626. 2 5930 
11106 39698.2 21649.5 5928 

11104 39683.3 21615. 3 5930 1 1  1 1  8 39778.3 

66 
$9 

090 39586.3 21542.4 5944 
091 39595.4 21535.3 5944 
092 39608.2 21548 5942 

11 008 
5968.0- 11 no6 

1 
1 

21690. 4 , 5920 
21 700. 3 5918 1 
21707. 7 I 5918 1 
21 71 4. 8 I 5916 1 

1 
1 

126 39841.3 21750.5 5908 
127 39845.9 21744. 2 5908 
128 39863.9 21753. 4 5906 
129 39855.6 21762.1 5906 
130 40205. 7 20381 5976 
131 40155.9 20377.3 5976 



CONSTRUCTION CONTROL POINTS WW. 
CONSTRUCTION CONTROL POINTS ."-- . 

12000 
12001 
12002 
12003 
12004 
12005 
12006 
12007 
12008 
12009 
1201 0 
1201 1 
1201 2 
1201 3 
1201 4 
1201 5 
1201 6 
12017 
1201 8 
1201 9 
12020 
12021 
12022 
12023 
12024 
12025 
12026 
12027 
12028 
12029 
12030 
12031 
12032 
12033 
12034 
12035 
12036 
12037 
12038 

39239.3 
39227.5 
39225 
39230.8 
39245.2 
39261.8 
39285.5 
39326 
39374.6 
3941 7. 3 
39457.9 
39489.3 
3951 8. 9 
39547.7 
39555.9 
39639.4 
39691.6 
39710.4 
39752.3 
39855.9 
39873.6 
39894.4 
39912.4 
40006.1 
40017.8 
40056.8 
39533.6 
39534.6 
39836.5 
39988.4 
40086.4 
40175.0 
40075.5 
40080.9 
40099.8 
40197.1 

19499.9 
19600 
19700 
19800 
19900 
20000 
201 00 
20200 
20300 
20400 
20500 
20600 
20700 
20800 
20900 
21 000 
21 100 
21 129. 4 
21077.1 
21 009.5 
20955.2 
20924.7 
20905.3 
20895.6 
20889.4 
20879.5 
20853.4 
20864.1 
20936.0 
21048.0 
20916.0 
20689.7 
20709.9 
20729.8 
20770.6 
20900 
20939 
20946 
20971 .O 

5991. 8 
5991. 2 
5991.1 
5989.5 
5988.2 
5987.2 
5985 
5983 
5981.4 
5980.2 
5978.6 
5974.3 
5970. 3 
5968.9 
5967.1 
5966. 6 
5959.6 
5946.9 
5942.5 
5940.0 
5934.6 
5935.1 
5934.6 
5935.1 
5940.6 
5942.0 
5946.1 
5968.0 
5968.8 
5972.6 
5971.0 
5969.4 
5968.0 
5965.1 
5962 
5962 
5963.2 

JYOJ. I 

POINT NORTH 
NUMBER COORDINATE CW%ATE €$$%%IN 

12041 40189.2 20900 
12042 40172.7 

12044 401 55.6 
12045 401 32.6 
12046 401 23.5 
12047 40100 
12048 40073.3 
12049 4001 1 .2  
12050 39945.4 
12051 39876.9 
12052 39800 
12053 39741.4 
12054 39700 
12055 39670. 2 
12056 39648.6 
12057 3961 2.9 
12058 39600.4 
12059 39570. 7 
12060 39549.8 
12061 39529.2 
12062 39499.9 
12063 39449.9 
12064 39400 
12065 39382.2 

20750 

20594.1 
2041 8. 2 
20400 
20352.2 
20300 
20200 
201 00 
20000 
19886.3 
19800 
19740. 5 
19700 
19672 
19600.3 
19565.4 
19500.3 
19459.9 
19429.2 
1941 8. 7 
19430. 2 
19457.8 
19467.6 

5964.9 
5968.3 



I 
I CUM. D i Y R l P I l D l  Y L l l R l N  CONSTRUCTION CONTROL POINTS CONSTRUCTION CONTROL POINTS 

t%%R CO%AlTE 

13000 39395.7 
13001 39446.4 
13002 39497.1 
13003 39547.8 
13004 39389.2 
13005 39425.4 
13006 39438.3 
13007 39417.0 
13008 39366.3 
13009 39315.6 
13010 39264.9 
1301 1 39263.2 
13012 39306.0 
13013 39348.8 
13014 39391.6 
13015 39434.4 
13016 39488.3 
13017 39505.2 
1301 8 39568.9 
13019 39557.0 
13020 39595.4 
13021 39634.2 
13022 39680.8 20067.5 
13023 39724.9 20043.4 
13024 39773.0 2002.5.17 

COC%dATE 
19508.9 
19500.7 
19492.5 
19484.3 
19598.7 
19791.1 
19890.5 
19907.2 
19915.4 
19923.6 
19931.8 
20189.7 
20162.3 
20135.0 
20107.7 
20080.4 
20079.8 
20052.5 
201 67.3 
20109.7 
20097.9 
20085.7 

- - - - -. - ~ .~ 
13025 39819.2 20009.7 
13026 39865.4 19990.6 
13027 40131.5 20545.9 
13028 40073.5 20512.4 ~ ~~ 

13029 
13030 
13031 
13032 
13033 
13034 
13035 
13036 
13037 
13038 
13039 
13040 
13041 
13042 
13043 
13044 
13045 
13046 
13047 
13048 
13049 
13050 
13051 
13052 
13053 
13054 
13055 
13056 
13057 
13058 
13059 
13060 
13061 
13062 

40016.4 
39959.3 
39902.2 
39845.1 
39788.4 
39731.3 
39673.9 
39625.3 
39587.7 
39559.8 
39532.1 
3951 1.7 
39491.3 
39471.0 
39450.6 
39437.6 
39424.5 
39508.4 
39553.2 
39603.9 
39543.2 
39553.3 
39563.4 
39573.5 
39620.3 
39666.9 
39713.5 
39760.0 
39806.6 
39853.1 
39879.9 
40155.3 
40134.8 
40123.5 

20478.7 
20445.1 
20411.5 
20377.9 
20344.2 
2031 0 . 6  
20276.9 
20242.3 
20246.7 
20290.2 
20334.0 
20385.7 
20437.3 
20489.0 
20540.7 
20600.4 
20659.9 
20895.7 
20931.3 
20931 .O 
20372.7 
20411.8 
20450.9 
20490.0 
20524.8 
20559.6 
20594.5 
20629.4 
20664.2 
20699.1 
20742.1 
20822.7 
20874.2 
20935.7 

. .  
DESIGN 

ELEVATION 
5994.0 
5992.0 
5990.0 
5988.0 
5996.0 
5998.0 
5999.0 
5998.0 
5996.0 
5994.0 
5992.0 
5988.0 
5990.0 
5992.0 
5994.0 
5996.0 
5998.0 
5999.0 
5998.0 
5998.0 
5996.0 
5994.0 
5992.0 
5990.0 
5988.0 
5986.0 
5984.0 
5978.0 
5980.0 
5982.0 
5984.0 
5986.0 
5988.0 
5990.0 
5992.0 
5994.0 
5996.0 
5996.0 
5994.0 
5992.0 
5990.0 
5988.0 
5986.0 
5984.0 
5982.0 
5980.0 
5970.0 
5968.0 
5966.0 
5990.0 
5988.0 
5986.0 
5984.0 
5982.0 
5380.0 
5978.0 
5976.0 
5974.0 
5972.0 
5970.0 
5966.0 
5964.0 
5962.0 

POINT 
MJMBER 
13063 
13064 
13065 
13066 
13067 
13068 
13069 
13070 
13071 
13072 
13073 
13074 

Co!WEAlTE cO&%~ATE EPEEV%N 
40113.4 20875.8 5964.0 
40106.5 20826.1 5966.0 
40099.6 20776.5 5968.0 
40086.9 20735.3 5968.0 
40063.8 20769.0 5960.0 
40035.0 20811.2 5950.0 
40011.9 20844.9 5942.0 
40082.6 20966.1 5950 .0  
40060.5 20975.8 5944.0 
39889.2 20781.5 5960 .0  
39898.5 20821.0 5950.0 
39907.9 20860.4 5940.0 
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PROPOSED GAS EXTRACTION VENTILATOR 

PROPOSED HEADER ACCESS RISER 

PROPOSED GAS EXTRACTION TRENCH 

E X I S T I N G  CONTOURS 

PROPOSED F I N A L  GRADES 

E X I S T I N G  GRAVEL ROAD 

APPROXIMATE L I M I T  OF IMPERMEABLE GEOSYNTHET 

APPROXIMATE L I M I T  OF WASTE 

T H I S  AREA IS PENDING F I N A L  EAST FACE DESIGN 

POINT NORTH EAST DESIGN 
NUMBER COORDINATE COORDINATE ELEVATION 

6500 39502.6 19629.1 
6501 39685.6 2001 1. 8 
6502 39850.3 20356.0 
6503 3971 1.3 2041 9. 7 
6504 39552.6 20061.1 
6505 3941 9. 3 19727.0 
6506 39379.1 19861.1 

6508 39575. 4 20495.3 
6509 39966.9 2061 0. 4 
651 0 3981 1. 9 20653.9 
651 1 39643.0 20702.1 

6507 39449.3 201 09.0 

39536. 5 
39584. 3 
39632.1 
39679. 9 
39727. 8 
39775. 6 
39823. 4 
39870. 4 
3991 6. 2 
39788.3 
39745.7 
39700. 0 

19700.0 
19800.0 
19900.0 
20000.0 
201 00. 0 
20200.0 
20300.0 
20400.0 
20500.0 
20600.0 
20500.0 
20393. 8 

DESIGN DESIGN POINT NORTH EAST 
ELEVATION . NUMBER COORDINATE COORDINATE ELEVATION 

TRENCH CONTROL POINTS lOOft Grid CONTROL POINTS TRENCH CONTROL POINTS 100ft Grid 
POINT 
NUMBER 

651 2 
651 3 
651 4 
651 5 
651 6 
651 7 
651 8 
651 9 
6520 
6521 
6522 
6523 

' 6524 39658. 4 
6525 3961 4. 0 
6526 39569. 7 
6527 39528.1 
6528 39488.3 
6529 39448.5 
6530 39390.1 
6531 3941 8. 4 
6532 39479.0 
6533 3951 1.6 
6534 39544.3 

20300.0 
20200.0 
201 00.0 
20000.0 
19900.0 19800.0 

19900.0 20000.0 

20200.0 
20300.0 
20400.0 ~~ _ _  - 
20570. 4 39600.0 6535 
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24" INFILTRATION SOIL LAYER 

ORANAGE NET 

SMOOTH FML (USE TEXTURED ON EAST SLOPE) 

GCL 

12" BIOTA LAYER 

1 0  CUSHION SOIL 

6" CUSHION SOIL 

L REGRADE SURFACE 

GEOSYNTHETIC COMPOSITE FINAL COVER 
NTS 

NAG SCWJ OR EOulVALENT EROSION MAT.STWLE 
ACCORO~NG TO MANUFACTURER'S RECOMMENDATIONS. 

EMBED ACCORDING TO 
MANUFACTURE'S 
RECOMMEND ATlONS 

I LMIN 4 "  GRANULAR BEDDING 
LAYER FOR RIPRAP 
(SEE SPECIFICATIONS) 

10 '  -0" 

RIPRAP LINED CHANNEL DETAIL 
NTS 

I 

24" INFILTRATION SOIL LAYER , 
I I 

EXTEND EROSION MAT TO COVER AN 
DISTURBED AREAS OR A MINUMUM 
OF 28-0'' VERTICAL IN ELEVATION 
ABOVE CHANNEL INVERT. 

EMBED ACCORDING TO 

12" BIOTA LAYER MANUFACTURER'S RECOMENOATIONS. 

10" CUSHION SOIL 

6" CUSHION SOIL NAG SC150 OR EOUIVALENT EROSION 
STAPLE PATTERN D. 

2' 
REGRADE SURFACE 

ANCHOR TRENCH 
(FILL WITH CUSHION SOIL) 

I 

ANCHOR TRENCH * 
NTS 



NAG SC150 OR EOWVNENT EROSION 
MAT. STAPLE ACCORDING TO 
MPNUFACTURERS RECOMMENDATIONS. 
EXTEND ZO'FROM DIVERSION BERM. 

21" MFiLTRATlON SML LAYER 

u" R W (  LAYER 

x)" CUsHON son 

5"cuyMm Sot 

24" DIVERSION BERM 

e OL CEOTEI PIST 

ST SLOPE COVER BREAK AND DIVERSION BERM 
NOTE: IF WASTE IS ENCOUNTERED DURING THE EXCAVATION OF 

THE PNCHOR TRENCH. WSTE MATERI*L w u  BE OVER EXCAVATED 
PN POOITIONPL 1-FOOT. OVER EXCAVATIONS WILL BE FILLED WITH CUSHION LAYER 
SOIL TO T M  DESIGN DIMENSIONS Of ANCHOR TRENCH. 

SC150 C350 -i- 
I 
I 
I 
I 
I - NAG CSX) OR EOUVKENT EROSION 

MANUFACTURERS RECOMMENDATIONS. 
[ MAT. STAPLE ACCORDING TO 

I 

RIPRAP (NOT GROUTED) 

EXTEND B E R Y / \ ~ ~  I 
AT 45 ANGLE 

10'-0" ubl 

DOWNSLOPE CHANNEL TRANSITION FROM EAST SLOPE BERM TO PERIMETER CHANNEL 
NTS 

-CON TO TERYMATE AT 
ROCU LAYER PWCH-OUT 

'UTRATION SOL LAYER 

-. 12" RDCU LAYER 

\ D" CUWON SOU 

24- * N M R  TRENCH 

USE ROCK LAYER YATERN IN-PLXE ' ' 
OF IO-INCH CUSHIDN LAYER AT LNCHOR 
TRENCH OUTFULS -SEE DETNL 1 
DRAWING 138 ( \EXTEND GDN TO TOE 

REGRAD SURFACE 

CROSS-SECTION A - A' 
NTS I 

a 

.PERIMETER 
BOTTOM 

CHANMI 

W 

tu?.Im 
1. ADS FiPE MEET TIB  FOLLOWING SPECIFICATIONS 

4.01.0. 
4 .72  0.0. 





FINAL COVER 
SYSTEM 

1 

/ / GRAVEL PAD GROUND SURFACE 

\\ 

GENERAL BACKFILL 

/- BENTONITE SEAL 

/l r 8 O T T O M  OF FINAL COVER OF SUBGRADE 
(REGRADE PLUS 6 CUSHION SOIL) - 1' CAS H E ~ R  

PIPE TRENCH 

4' ADS N-12 
PERFORATED PIPE 

GAS EXTRACTION VENTILATOR 

4" FLANGE 
CONNECTION - 

'-0" MIN 1 
12" 12" +yy , , I  

SEE OETAlL 

@ 
i 

-MONITORING PORT 

, CEOSYNTHETIC CAP PENETRATION 
4'-[ 8 / 

1- 

W 

lBOo U-LOOP- 

FlNM COVER 
SYSTEM 

-TOP OF SUBGRADE 
(REGRADE PLUS 6" CUSHION SOIL1 

1'-0" 

I 

-iizs? 
GAS EXTRACTION TRENCH 

EXISTING GRADE 

FIN 
SYSTEM 

EXTRUSION WELO (TYP) 
TRENCH - 

HOPE CEOMEMBRANE CAS!NC SEAL 

TYPICAL GEOSYNTHETIC CAP PENETRATION 
NTS 

W 

BENTONITE MAT SURFACE SEAL 

NOTES 
1. LANOFILL CAS SYSTEM MAY CHANGE DUE TO SITE CONDITIONS AT THE TU(€ OF CONSTRUCTION. 

2. ALL PVC PIPE N O  FITTINGS ARE SCH BO EXCEPT AS NOTED. 

I 
4 



----- 
PLAN VIEW, EXISTING PASSIVE TREATMENT SYSTEM 

--- -- '. 
w 

SCOIS in reel 

PRECAST VNJLT 

(INSIDE DIUENSIONS) 1 6 x IT 5" LONG x 7' DEEP 

STEEL FLbNCE 

W K L  OF TANK 12**r12"r4-* 
EXTENDS TEEYONO ~IJ@ 

EXCAVATE TO WEATHERED BEDROCK - 
OR 6" BELOW BOTTOM OF T M  WHICH 
EVER IU$WGR 

I U DEPTH ELEV.9912.20 
WITH CONTRACTOR WPROVK 

CROSS - SECTION A - A ' 

Scala in leal 

W. J'COYBWEO ,ROCKISOIL COVER OVER COLLECTION PIPE 
\ 

FILTER FLBRIC 

PVC UNER. 40 MIL TO BE SEWED As REOURED 
ON JOE SITE WITH 4" UIN. OVERLW 
TO BE REMNNING IN PLACE 

3" SLOTTED PVC PIPE 

LBOTTOU ELEVATION 5921.25' 

K L  J" PVC PIPE IS SCHEDULE 40. SEE SPECIFICATION SECTION 05100 

CROSS - SECTION B - B' 

PRESENT LANDFILL 



PORTION OF SYSTEM REMAINING NEW SYSTEM 4- WP'ROXIMATE EXTENT OF 
7 S E E P  COCLECTION AN0 TREATMENT SYSTEM 

I TREATMENT UNIT: 
EFFICIENCY - 10% 
AIR-TO-WATER RATIO - 6.6:1 
AIR LOADWG RATE - 5 cfrn / f t2 )  

NEW SYSTEM DRAWING ENLARGED ON DETAIL 17 18 @ 

-4 
Scok in feel 

6 X 9 2 O M I L  

TREATMENT UNIT: 
EFFICIENCY - 10% 

WRTION OF SYSTEM lNEW MANHOLE 
REMIMlNC NOTE 

WITH REBAR CAP 

LPPROX Y E P  LOCATION EXISTIN 
ELEV. 5924.25 PPE INVERT ELEV. 5924.1 

NEW SYSTEM DRAWING 
ON DETAIL @ 

RELOCATE EXISTING FLOW METER 
AND ASSOCIATED ELECTRONICS TO 
NEW MANHOLE LOCATION. 

ENL 



I 
I l l  KSCRPllON U l E W  8" SCHEDULE 80 PVC PIPE FROM GWlS 

OWIl 

(SEE TRENCH DETAIL) 

EXISTING 3" PVC 
SEEP COLLECTION PIPE 

w I 4" SLOTTED PVC 
SDR 26 

EXISTING TOP O F A  
PIPE 5923.61' 
EXISTING INVERT 
ELEV. 5923.34' 

PARTS LIST 

4" SCHEDULE 80 P V  
ANCHOR TRENCH (SE 

TREATMENT UNIT: 
EFFICIENCY - 10% 
AIR-TO-WATER RATIO - 6.6:1 
AIR LOADING RATE - 5 clm/fl') 

3" PVC SEEP COLLECTION EXTENSION PIPE PLUS 
5" PVC CONTAlNMENT PIPE 

1. CHECK VALVE TO BE 3" PVC. 
2. SAMPLE PORT TO BE 1" PVC PIPE TAPPED INTO 

MAIN LINE WITH 1" PVC BALL VALVE. 

GATORGRATE GG-4010 FIBERGLASS GRATING OR APPROVED EOUAL. 
PROVIDE REINFORCING BARS AS PER MANUFACTURES INSTRUCTIONS W C H E C K  VALVE 

NEW SYSTEM 

-1 \ \  / /  

SEE DETAIL 13B.CPB 
4" SCHEDULE 80 PVC PIPE FROM 
ANCHOR TRENCH (SEE DETAIL 13B) P I A N  VIEW,PROPOSED PASSIVE TREATMENT SYSTEM 

SCOlS in feet 

8" SCHEDULE 80 PVC PIPE FROM GWlS 
(SEE TRENCH DETAIL) 

FLOW DIRECTION (1-2% GRADE) 
SEN ANNULAQ FPACF- 

W 6 SAMPLING PORT 

BEDDING MATERIAL 
DCD cCcT0m.I n*l)a=. CTm.IC 6" T- 

I 

CAST-IN-PLACE 
CONCRETE 

STRUCTURE THK. 

TO BE DETERMINED BASED 
ON FIELD FIT OF W H O L E  

NOTES: 

1.PROVIDE NEENAH FOUNDRY 1 4"x3" REDUCER SCH 80 

Scde in feel @5" SCH 80 PVC (SECONDARY CONTAINMENT PIPE) 
~ ~ ~ ~ 8 ~ ~ ~ H ~ ~ ~ ~ S  AND HAVE CAST 

3" SCH 80 PVC (CARRIER PIPE) 

3" SCH 80 PVC 90' ELBOW 
MENT U N I T  I S  

3" PVC CHECK VALVE UNIT AS BASED CATE EXISTING FLOW METER 

I 

0 
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24" HI 'II TRATION SOIL LAYER 

12" BIOTA LAYER 

1 0  CUSHION SOIL 

6 CUSHION SOIL //,,///,//,'///////// '/ ,' ,/ ,/ ///// / ' /, 

EMBED ACCORDING TO 
MANUFACTURE'S 
RECOMMENOATIONS -7 

47- \ I /  1 

REGRADE SURFACE 

.DRAINAGE NET 

'SMOOTH FML (USE TEXTURED ON EAST SLOPE) 

' GCL 

NOTE: 

GEOSYNTHETIC COMPOSITE FINAL COVER 
NTS 

SEE PERIMETER CHANNEL 
CONTROL POINTS, DRAWING 6A 

SEED ANY DISTURBED SIDESLOPES 
ACCORDING TO SPECIFICATIONS. 

I 
\ 

NAG SC150 OR EOUIVALENT EROSION 
MAT ON ANY DISTURBED SIDESLDPES. 
STAPLE AN0 EMBED ACCORDING TO 
SPECIFICATIONS. 

NAG SC150 OR EOUIVALENT EROSION MAT.STAPLE 
ACCORDING TO MANUFACTURER'S RECOMMENDATIONS. 

dUST MNNTNN I -!! 
1 

- 
. 10.-0- " 'N 4 "  GRANULAR BEDDING : RIPRAP AND BEDDING I 

LAYER [SEE SPECIFICATIONS) FOR RIPRAP DESIGN THICKNESS UP THE SIDESLOPES 
FOR 2 VERTICAL FEET. AFTER THIS.MATERlAL 
MA7 TAPER-OUT. 

RIPRAP LINED CHANNEL DETAIL 
NTS 

I 

EXTEND EROSION MAT TO COVER ANY 
DISTURBED AREAS OR A MINUMUM 
OF 2 ' - 0  VERTICAL IN ELEVATION 
ABOVE CHANNEL INVERT. 7 

EMBED ACCORDING TO 
MANUFACTURERS RECOMENDATIONS. 7 

24" INFILTRATION SOIL LAYER 

12" BIOTA LAYER 

1 0  CUSHION SOIL 

6" CUSHION SOIL 

NAG SC150 OR EOUIVALENT EROSION 
STAPLE PATTERN 0. 

REGRADE SURFACE 1' ,-OPTIONAL 
,/ 1-FOOT EXTENTION 

ANCHOR TRENCH EXTEND CON TO ROCK LAYER 
(FILL WITH CUSHION SOIL) 

ANCHOR TRENCH * 
NTS 

*NOTE: IF WASTE IS ENCOUNTERED DURING THE EXCAVATION OF 
THE ANCHOR TRENCH, WASTE MATERIAL WILL BE OVER EXCAVATED 
AN ADDITIONAL 1-FOOT. OVER EXCAVATIONS WILL BE FILLED WITH CUSHION LAYER 
SOIL TO THE DESIGN DIMENSIONS OF ANCHOR TRENCH. 

I 
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2O'MIN 
EXTENT OF 
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\ 

\ 

\ .  
\ 

Field perforote at  3/16" holes 
4 5  degrees on 3" centers. 

Wrap in 6 oz geotextile-, 

I 

1. I i Bentonite Wall 

18" Dia HDPE Wosher ( typ)  X Z  
6" perforated-to-sol id HDPE pipe ( typ)  

. Existing pipe f rom strip-drain sump -=g Existing pipe f rom seep tie-in 

2.25' 
I I  

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

f I I 
- 2  

Note: 
Use CETCO Pure Gold bentonite crumbles or 
chips (or equivalent). Install bentonite in 
6" lifts. Hydrate each l i f t  with 1 gallon water to  
20 Ibs bentonite. Allow 15 minutes hydration 
time before next l i ft. 

0.25 Dia 

I /  0'25 f a  I 1 



I l l  ouy KSCRPlol Y*lCBx 

, 
A 

FIBER REINFORCED CONCRETE PER 
SPECIFICATION SECTION 03300 

I STEPS SLOPE BACK . I  . I 

.I. ' a: 
I .  1 
I .  I 

1 . 1  5.5' 

PVC WATER STOP TYP. 

PVC 
WATER STOP (TYP.) 

t 

*4  BENT BARS 
14" INTO WALL 3" 

.4 EARS Q 8" O.C. EACH WAY 

CROSS - SECTION A - A ' 

FIBER REINFORCED CONCRETE PER 
SPECIFICATION SECTION 03300 

I 
94 BENT BARS 
14" TOP INTO STEP WALL 

8" O.C. 

A 
I 

'REINFORCED CONCRETE PER 
SPECIFICATION SECTION 03300 

-INCLUDE PIPE 
' FOR 

1 
I 

INCLUDE PIPE FOR INLET 

-4 EENT BARS 
14" #TO EACH STE 

*4  BARS B 8" O.C. EACH WAY 
(CORNERS INCLUDED) 

-4 BENT BARS 
14" INTO WALL 

WATER STOP (TYP.) 

.4 BARS Q 8" O.C. EACH WAY 

\ 
A' 

I PLAN VIEW - TREATMENT UNIT 
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Present Landfill Accelerated Action 

Design SDecifications Division 1 
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SPEC-01100-0919 
GENERAL PROJECT DEFINITIONS 

PART 1 - GENERAL 
1 - 1 RELATED DOCUMENTS AND DEFINITIONS 

A. Drawings and general provisions of the Subcontract, including General and Supplementary 
Conditions and other Division 1 Specification Sections, apply to this Section. 

B. Th’e following definitions and abbreviationdacronyms apply to these Specifications: 

i ! 1. 

2. 
.3.1 

4. 
5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 
. .  

‘XFETS’ means the Rocky Flats Environmental Technology Site. RFETS is a 
government owned facility operated for the US Department of Energy by a primary 
CONTRACTOR. 
“DOE’ means the US Department of Energy, which owns RFETS. 
“CONTRACTOR” means the primary CONTRACTOR, Le., Kaiser-Hill, U C ,  which 
operates RFETS for DOE. (CC), (CM), or @A) following “CONTRACTOR’ refer to 
specific individuals who may represent the “CONTRACTOR.” 
“SUBCONTRACTOR means the party to whom this Subcontract is awarded. 
“SA” means the CONTRACTOR’S Subcontract Administrator who has overall authority 
for this subcontract. See RFETS Contract Documents for additional information. 
“CI”” means the CONTRACTOR’S Technical Representative who is the technical 
authority and field interface with the SUBCONTRACTOR. See RFETS Contract 
Documents for additional information. 
“CC’ means the CONTRACTOR’S Construction Coordinator(s) who assist(s) the 
SUBCONTRACTOR as the primary interface with building and area management, The 
CC also assists with coordination of special requirements from other RFETS 
organizations. 
“CM” means the CONTRACTOR’S Construction Group Manager, who is responsible 
for the overall management of construction resources. 
“DESIGNER” means the Design Authority responsible for the design package that 
directs the Work to be done. Typically this is an Architect and/or Engineering f m  or 
employee of the CONTRACTOR. 
“CFE” means CONTRACTOR Furnished Equipment, which is being provided (or will be 
provided) by the CONTRACTOR for use or installation by the SUBCONTRACTOR. 
“GFE” means Government Furnished Equipment, which is being provided (or will be 
provided) by DOE for use or installation by the SUBCONTRACTOR. 
“IWCP’ means Integrated Work Control Program, which is a formal planning method to 
implement a set of integrated safety and compliance controls, which address activities 
that pose a threat to the health and safety of the public. the workers or the environment. 
‘ECR” means Engineering Change Request, which is a change t o  the contract drawings 
and/or specifications directed by the CONTRACTOR. - . -- 

1.2 WORK COVERED BY CONTRACT DOCUMENTS 

A. Project Identification: Project consists of the construction of a Synthetic Geocomposite Cover at 
the Present Landfill at the RFETS. 

SPEC-0 I 1 00-09 I 9- 1 . .  



1. Project Location: The RFEXS is located near Golden, Colorado. See contract drawings 
for Vicinity and Area Plot plan. 

B. Project Personnel Identification: The following people are the CONTRACI’OR’S 
representatives: 

1. SA Ms. Maw Kaiser Ext. 3225 Pager 

2. CTR Mr-BobDavis Ext. 7026 Pager 

. .  3. CC Not Amkcable Ext. Pager 

13 CONTRACT. DRAWINGS AND SPECIFICATIONS 

A. SUBCONTRACTOR will be furnished, without charge, four (4) sets each of specifications, full 
size (ANSI D) drawings, and half size (ANSI B) drawings. A drawing list, which constitutes a 
part of the subcontract documents, shall include the Drawing number, Revision number, and 
Drawing Title. The SUBCONTRACTOR shall observe. and so caution any subcontractors, that 
the scales on the half-size drawings are not correct and are not usable for material take-offs. 

B. Specification Format: The Specifications are organized into Divisions and Sections using the 16- 
division format and CSI “MasterFonnat” number system. 

1. Section Identification: The Specifications use section numbers and titles to help cross- 
referencing in the Contract Documents. 

C. If any conflicting information is found between drawings and specifications, the specifications 
shall overrule the drawings. SUBCONTRACTOR shall report any such conflicts to the CIR as 
soon as they are discovered. 

1.4 WORK SEQUENCE 

A. The Work may be conducted in phases, as proposed by the SUBCONTRACI’OR and approved 
by the CI’R. 

B. PROGRESSSCHEDULES 

1 The subcontractor shall submit a proposed progress schedule for review and approval by 
the CON”RA(T0R at the time of Subcontract award. The schedule shall be in a 
sufficiently detailed Critical Path Method format and shall be updated on a weekly basis 
unless otherwise directed in writing by the CONTRACI’OR. The scheduling system 
used shall include an earned value measurement of both cost and schedule with the 
capability to compare planned versus actual performance. 

. . . . .  
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@ 1 1.5 USE OFPREMISES' 

A. General: SUBCONTRACTOR will only have access to those portions of the premises required 
for construction operations and necessary support functions during the construction period, with 
the following limitations: 

1 - Periodic, announced and unannounced security and emergency preparedness exercises 
may infringe on construction activities for periods generally not exceeding one day. 

2. For safety purposes, access to RFETS may be restricted to essential personnel and 
construction activities will be suspended during periods of severely inclement weather. 

3. During periods of high winds (Le., exceeding 35 mph), hail andlor lightning outside 
construction, use of cranes and access to roofs and elevated work structures may be 
restricted for safety considerations. I 

B. Security Measures: The SUBCONTRACTOR shall furnish the CONTRAmOR a list of all 
employees and lower-tier subcontractor employees that will require access to the site: 

1. See the RFETS Contract Documents for additional information regarding access badges. 
2. Access will be granted for the period of performance of work. 

a. When the duration of construction or an individual task is less than 30 days, the 
SUBCONTRACTOR employees will be issued a daily. non-picture security 
badge for access to the plant. 

b. When the duration of construction is 30 days or mom the SUBCONTRA(X0R 
employees will be issued individual picture badges for access to the plant. 
These badges are accountable property of the U.S. Government and shall be 
returned to the CTR upon completion of the project. 

c. Failure of the SUBCONTRACI'OR to return all badges could result in delay of 
contract closing and deductions from the final payment. 

d. The SUBCONTRAnOR shall notify the CONTRACTOR (CC) immediately 
of any missing or lost badges. 

3. The SUBCONTRACTOR shall notify the CONTRACTOR (CC) should termination of 
employment occur for any individuals submitted for access. 

4. The CONTRACTOR reserves the right to exclude any employee from the plantsite as 
appropriate. 

5. Access will not be granted to persons who are not citizens of the United States of 
America, without special approval. 

C. Work under this contract may be performed in security areas and SUBCONTRACTOR 
employees will be subject to security controls required by DOE. The SUBCONTRACI'OR shall 
arrange for access with the CONTRACI'OR (CC). 

1.6 MISCELLANEOUS PROVISIONS 

A. Change Control - All project changes that occur during construction shall be documented. 
Several forms of written communications shall be utilized to provide direction and document 
field changes during the contract: 

1. Construction Notice - This form shall be issued by the CONTRACTOR to provide 
guidance, clarify a condition or situation, or to provide instruction that is relevant to the 
subcontract or codes, policies, standards, orders, or procedures. Construction Notices are 
not intended to impact cost or schedule. The SUBCONTRAmOR shall at no time 
accept a Construction Notice if the direction causes an extension of the approved contract 
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schedule or adds cost to the subcontract. If the SUBCONTRACTOR should receive a 
Construction Notice, which will add either time or- cost to the subcontract, he shall 
immediately return it to the SA for clarification. 

' 

2. Construction Order - A Construction Order may be issued by the CONTRACTOR to 
communicate short term information and administrative instructions to the 
CONTRAflOR. Construction Orders are not intended to change existing procedures, 
work packages, or subcontract documentation. If the SUBCONTRACTOR should 
receive a Construction Order, which has a long term effect or cost implication, he shall 
return it to the SA for clarification. 

, 
3. Construction Field Change - A Construction Field Change is issued to the 

SUBCONTRACTOR by the CI'R or the SA and may result in a change to the contract 
documents. These changes will be incorporated to into an ECR in accordance with 
I-VSI-COEM-DES-210 and these changes will be formalized by a contract modification. 
Changes to the work package will be made in accordance with the Integrated Work 
Control Program Manual MAN47 L - W e .  The CONTRACrOR shall place a 
Not-To-Exceed amount on the Construction Field Change. The SUBCONTRAaOR 
shall immediately start work on the Construction Field Change upon receipt of the 
approved document. The SUBCONlRACI'OR shall present a formal proposal for the 
cost of the change to the CONTRACTOR within three (3) working days. The 
SUBCONTRACI'OR shall not exceed the dollar amount shown in the Not-TeExceed 
space without prior written approval from the SA. 

. 

4. Redlined Drawings - The SUBCONTRACTOR shall maintain one (1) current set of 
subcontract redlined specifications and drawings at the construction site. Copies of all 
ECR's shall be attached to this set. The SUBCoNTRA(X0R shall redline all changes, 
not reflected in contract documents modified by Engineering Change Requests, within one 
(1) working day of receipt of change. The subcontractor shall provide to the contractor. 
one (I) complete set of full size redline drawings and other documents (specifications) 
within seven (7) calendar days after completion of construction activities. 

Trafftc Control 

I - 
- _ _  

The SUBCONTRACTOR shall provide all necessary barricades, lights, signals, etc. for 
the protection of the workers and the public, as established by the Occupational Safety 
and Health Administration (OSHA) Construction Safety and Health Regulation 29 CFR, 
Part 1926, Subpart G. Signs, Signals. and Barricades. 

Supervision - The SUBCONTRACTOR is required to have a full time, non-working 
superintendent on site while any work is being performed. 

Plan of Operations - In general, there will be no stipulated sequence of construction, except for 
certain specific activities identified in the Planning Section of the IWCP. The 
SUBCONTRACJTOR shall arrange his schedule such that, when work is started, work will 
proceed promptly and vigorously to completion. Normal working hours for 
SUBCONTRACTOR shall be 6:30 a.m. to 5:OO p.m. (with a 30 minute lunch period), Monday 
through Thursday, unless otherwise directed. 

Meetings - SUBCONTRACTORS representative will be required to attend the following 
meetings: 
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F. 

I 

. . \G. 

. - - . . . . 

H. 

J. 

1 . 
2. Weekly progress meetings 
3. 
4. Plan of the Day 
5. 

Preconstruction Indoctrination Kick  off meetings 

Periodic meetings as required, to resolve issues or discuss potential changes. 

Representatives of lower-tier SUBCONTRACTORS may be required to attend some of 
the meetings depending upon the meeting agenda. 

Medical Radioisotope Procedures on SUBCONTRACTOR Personnel - All persons engaged in 
construction at RFETS are required to report any diagnostic or therapeutic treatment with 
radioisotopes to the CONTRACTOR. Personnel should report prior to treatment, if possible, or 
when 
they return to work after such treatment. 

Privately owned radios and pagers - Security regulations do not allow the use of privately 
owned radio pagers and mobile phones at RFETS in areas designated as "controlled," such as 
the Protected Area, etc. - Pagers and telephones shall also be left in privately owned vehicles 
when entering any ''controlled" area. 

Holiday work curtailment - During the holiday periods covering days as agreed to by the SA and 
CTR, SUBCONTRACTOR activities will be suspended. SUBCONTRACTOR and its 
lower-tier subcontractors shall plan their work accordingly. Access to  the plantsite 
during these periods will be by Special arrangement with the CONTRACTOR (CC). 

SUBCONTRACTOR training requirements. All costs for time involved as a result of these 
required actions shall be included in the SUBCONTRACTORS bid proposal. 

1. SUBCONTRACTOR employees who are new to RFETS are required to attend General 
Employee Radiation Training (GERT) at the plantsite's Computer Based Training Center 
prior to receiving an access badge. It is the responsibility of the SUBCONTRACI+OR to 
schedule this training. 

2. i'he SUBCONTRACTOR shall provide a matrix, which cross references all job functions 
to rkquired training, as an appendix to the Health and Safety Plan. All required training 
should be identified e.g., General, Building Specific, Project Specific and OSHA 29 CFR. 

Lost Tine Reports - The SUBCONTRACTOR shall notify the ClX immediately when 
construction activities have been unduly delayed for reasons beyond his control. Lost Time 
Reports shall be submitted as necessary on a daily basis by the SUBCONTRACTOR to the CTR 
and must document all craft and equipment down time. The CTR shall review and approve or 
deny the request. If denied, the CJTR shall indicate the reason for denial on the report. No 
request for down time will be accepted more than ten (10) working days after the occurrence. A 
cost proposal shall be submitted for approved down time within three (3) working days of the 
incident. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 
3.1 SCHEDULE OF CONTRACTOR FURNISHED EQUIPMENT 

Not Applicable 

3.2 SCHEDULE OF GOVERNMENT FURNISHED EQUIPMENT 

Not Applicable 

***END OF SECTION*** 

. .  
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SPEC-01 110-0920 
SUMMARY OF WORK 

PART1 GENERAL 

1.01 PROJECT DESCRIPTION 
. .  

A. Work of this Contract comprises the construction of a Synthetic Geocomposite 
Cover at the Present Landfill at the Rocky Hats Environmental Technology Site 
(RFETS), Golden, Colorado. Major items of the work include, but are not 
limited to: 

1. Mobilization and site preparation, to include, but not be limited to: i 
a. 

b. 
C. 

d. 

e. 

f. 
g- 

h. 

Preparation of storage areas, laydown areas, temporary soil 
stockpile areas, operations support areas, and access roads. As 
necessary, these areas shall be graded to provide all-weather 
access and facilitate drainage, and gravel surfaces shall be placed 
to prevent tracking of mud into the existing area access roads. 
Coordination to set up contractor-supplied water service. 
Installation of a temporary generator, capable of supplying 
adequate current to satisfy site office and equipment calibration 
needs. It is assumed that this unit will be self-contained, not 
requiring a separate fuel storage tank The generator will be 
placed in a lined and bermed area to provide secondary 
containment needs as they relate to on-site fuel storage. 
Placement of the site administrative area for the construction 
team, to include three office trailers, break area trailer, and 
temporary containers for storage activities (health and safety 
supplies and tool storage). 
Trailer must include office space for subcontractor. 
superintendent, Constructi& Quality Assurance Engineer, 
DESIGNER, and CTR. 
Placement of access control fencing. 
Establishing protected site survey benchmarks to provide for 
readily accessible horizontal and vertical control points. 
Establishing of temporary haul roads, and implementation of a 
hauling protocol for RFETS security. 

2. Preparation of on-site soil borrow area, to include, but not be limited to: 

a. 

b. 
C. 

d. 

Establishing the final excavation layout (arealextent, cut staking, 
and slope staking). 
Establishing access control and traffic warning signage. 
Installing provisions for a local water source to provide for soil 
moisture conditioning and control (as required). 
Clearing vegetation and debris from the surface to be excavated. 

3. Preparation of temporary haul routes on RFETS property, to include, but 
not be limited to: land survey of proposed routing, sating new gates and 
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fencing, clearing and preliminary grading, installaiion of drainage 
culverts, placement of geotextile reinforcing fabric, as necessary, in 
proposed roadway, and placement of temporary roadway materials. 

4. Preparation of the existing interim cap surface, to include, but not be limited to: 

a. 
b. 
C. 

RemovaYabandonment of the existing landfill gas venting risers. 
Removal of all surface debris and rubble items. 
Staking and protection of any monitoring wells DESIGNATED 
by the CTR to remain after the completion of the Synthetic 
Geocomposite Cover installation. 
Clearing and grubbing, executed in two ways: Close mowing of 
the vegetation on the existing Interim Cover in the area defined 
by the assumed extent of the synthetic geocomposite cover, and 
normal clearing and grubbing actions for the areas on the steeper 
east face of the Present Landfill (e.g. faces of existing dam). 

d. 

5 .  Establishing base grades for Synthetic Geocomposite Cover surface. 
Perform excavation and manipulation of materials from the existing 
Interim Cover surface and imported soil material to establish the design 
base grades required to allow for placement of the final Synthetic 
Geocomposite Cover system such that boundaries and slopes tie in 
smoothly as the Synthetic Geocomposite Cover is placed. This step shall 
include placement and compaction of limited on-site import materials to 
establish final grades required by the design. 

6. Precompaction and Proof Rolling. Upon completion of the clearing and 
grubbing and establishing of base grades. the remaining undisturbed 
surface of the landfill will be traversed by a heavy compactor, and the 
surface will be proof-rolled using loaded heavy construction equipment 
to establish any soft areas that may affect Synthetic Geocomposite cover 
performance. Areas shown to indicate unacceptable deflection (in the 
order of 1-3 inches) upon proof-rolling shall be repaired in accordance 

- , -  with these specifications. - .  

7. Execution of a constructability assessment. Prior to placing components 
of the Synthetic Geocomposite Cover system, the Subcontractor will 
establish acceptable procedures for placement of the soils and 
demonstrate the procedures by executing assessment on a small portion 
of the landfill. The test fi l l  area will have a width at least four times the 
equipment width and a length at least twice the equipment length. The 
procedures used to construct the assessment area will demonstrate 
conformance with the final design specification requirements associated 
with density and moisture content. The Colorado Department of Public 
Health and Environment (CDPHE) and the U.S. Environmental 
Protection Agency (EPA) will then have the opportunity to informally 
evaluate and sign off on this procedure prior to its approval for use by the 
subcontractor. Once construction procedures are demonstrated that 
provide compliance with the specifications. the procedures will be used 
throughout the placement of these subgrade soils, with the intent being 
to obtain a uniform placement and compaction of the soils within the 
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8. 

9.. 

parameters for compaction set by the final design, and to minimize 
compaction verification sampling and testing. Any adjustment in the 
procedures used must be accompanied by a demonstration that the newly 
adopted procedures will yield results consistent with specification 
requirements. 

Placement of the landfill gas venting system, to include but not be 
limited to: 

- __- - -  

a. 
b. 
C. 

Lateral gas collection piping placed as shown on the drawings. 
Vents as shown on the drawings. 
Header assembly risers as shown on the drawings. 

Placement of the Synthetic Geocomposite Cover system, to include but 
not be limited to: 

1.- 

a. Placing the Cinch cushion layer of soils directly on the regraded, 
prepared and proof-rolled Present Landfill surface. The soils 
comprising the cover system are to be imported clay-loam or 
sandy clay-loam, and are intended to be placed in one lift, 
pending results of the constructability assessment. The 
procedures used to execute the constructability assessment will 
demonstrate conformance with the final design specification 
requirements associated with density and moisture content. 
Once construction procedures are demonstrated that provide 
compliance with the specifications, the procedures will be used 
throughout the placement of these soils, with the intent being to 
obtain a uniform placement and compaction of the soils within 
the parameters for compaction set by the final design, and to 
minimize compaction verification sampling and testing. Any 
adjustment in the procedures used must be accompanied by a 
demonstration that the newly adopted procedures will yield 
results consistent with specification requirements. 
Placing a Geosynthetic Clay Liner (GCL) directly onto the 6" 
cushion soil surface. 
Placing a 60-mil LLDPE directly onto the GCL layer. 
Placing a geocomposite drainage net (GDN) onto the LLDPE. 
Placing a 10-inch layer of cushion soils onto the geonet. This 
layer will be placed in front of equipment so that heavy 
equipment does not drive directly on the geosynthetic 
components of the cover. 
Placing a 12-inch-thick rock layer onto the 1O"ushion layer. 
This rock layer is to be comprised of durable rock materials and 
is intended to be placed in a single 12-inch thick layer. The rock 
will be placed by equipment operating on the IO-inch cushion 
layer. Heavy equipment will not drive on the rock surface. 
Placing a 24-inch layer of rocky flats alluvium soil directly onto 
the rock layer. This layer is intended to be placed in two 12" 
loose lifts to achieve a minimum 24 inch thick finished soil 
layer. The soil will be placed in front of equipment so that heavy 
equipment does not drive directly on the rock 

b. 

C. 
-d. 
e. 

f. 
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h. Replacement of the existing seep treatment system located at the 
toe of the eastern face of the landfill. The existing concrete vault 
and steel tank will all be excavated and removed. The existing 
polyvinyl chloride (PVC) seep collection grid will be kept. The 
outlet pipe fiom the PVC seep collection grid will be extended 
from the former seep collection point approximately 36 feet east 
at a 2 percent grade to an outlet beyond the 4:l grade of the 
proposed eastern structural wedge slope. The pipe will discharge 
to a multi-step aeration tank The steps will cause the discharged 
seep to flow in a waterfall and provide volatilization necessary to 
treat the water. The outlet pipe will be constructed of 3-inch 
Schedule 80 PVC doublecontained in 5-inch Schedule 80 PVC 
and will be installed according to Specification Section 11 100.1 
The footprints of the existing concrete vault and steel tank will 
be filled with cushion soil compacted to 95 percent standard 
Proctor. 
Establish surface run-off controls by modification to existing 
drainage features, grading and construction of new features as 
detailed in the final design package, and installation of channel- 
lining materials (erosion matting and riprap). 

1. 

10. Demobilization. This activity will occur throughout the project as 
various activities are completed and equipment is no longer needed. Any 
equipment that does come in contact with landfill waste will be 
decontaminated by steam cleaning before leaving the site. Waste 
materials will be containerized for temporary storage and transported to 
the disposal site in accordance with the Waste Management Plan and 
RFETS Waste Generation Instructions and other waste characterization, 
handling, and disposition guidance. Contract closeout shall require the 
disconnecting and removal of all temporary utilities from the site, as well 
as the removal of support area facilities and materials. All disturbed 
areas will be graded and included in the vegetation efforts as appropriate. 
Demobilization activities will be coordinated closely with the ClX with 
respect to schedule and transportation routes. On-going irrigation plans 
and needs will be planned into the demobilization as required. 

1.02 FORM OF SPECIFICATIONS 

A. These Specifications are written in imperative and abbreviated form. Imperative 
language of Specification sections is directed at SUBCONTRACTOR, unless 
specifically noted otherwise. Incomplete sentences in Specifications shall be 
completed by inserting “shall,” “SUBCONTRACTOR shall,” “shall be,” and 
similar mandatory phrases by inference in same manner as they are applied to 
notes on Drawings. Words “shall be” shall be supplied by inference where colon 
(:) used within sentences or phrases. Except as worded to contrary, fulfill 
(perfopn) indicated requirements whether stated imperatively or otherwise. 

_..- - 

. B. Items of Work are specified by section. Specifications or requirements of one or 
more sections may apply or be referenced in other sections. B 
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C. Provide Work described and comply with requirements stated in each 
Specification section and Design Drawings unless specifically assigned to others. 

1.03 WORK BY OTHERS 

A. CONTRACTOR has or may award separate subcontract(s) for performance of 
certain construction operations identified on the Design Drawings. These 
operations will be conducted simultaneously with work under this Construction 
Contract. 

1-04 SUBCONTRACI'ORS USE OF PREMISES 

A. SUBCONTRACTOR shall have complete use of premises for execution of 
Work. SUBCONTRACTOR'S use of premises is limited only by 
CONTRACI'OR'S right to perform construction operations with their own forces 
or to employ separate subcontractors on portions of the site. 

i 

B. SUBCONTRACTOR shall confine operations to areas within limits indicated. 
Portions of site beyond areas in which construction operations are indicated are 
not to be disturbed. 

C. Keep driveways, roads, and entrances serving premises clear and available to 
CONTRACTOR at all times. Do not use these areas for parking or storage of 
materials. Schedule deliveries to minimize space and time requirements for 
storage of materials and equipment on site. 

D. SUBCONTRACTOR will be responsible for their own project site security. AI1 
procedures and methods must be approved by RFETS personnel. 

PART 2 PRODUCTS (Not Used) 

PART 3 EXECUTION (Not Used) 

***END OF SECTION*** 
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SPEC-01 190-0921 
PROGRESS MEETINGS 

PART1 GENERAL 

1.01 

1.02 

1.03 

SUMMARY 

This section covers th required progress meeting 

GENERAL REQUIREMENTS 

that 4 1  be held a the project site. 

SUBCONTRACTOR shall administer the following general requirements: 

A. Prepare agenda for meetings 

i 

B. 

C. Preside at meetings 

D. 

E. 

Make physical arrangements for meetings 

Record the minutes; include significant proceedings and decisions 

Reproduce and distribute copies of minutes before the next meeting to meeting 
participants and to parties affected by decisions made at the meeting. Furnish three copies 
of the minutes to the CONTRACTOR. 

AlTENDANcE 

Suggested attendance for the progress meetings includes but is not limited to the following: 

A. 

B. 

C.  

D -. 

E. 

F. 

G. 

H. 

I. 

J. 

CONTRACTOR’S Technical Representative (CTR) 

SUBCONTRACTOR’S Construction Manager 

SUBCONTRACTOR’S Quality Control Site Manager 

Construction Quality Assurance Engineer 

Regulatory Agencyties) Representative (as needed or available) 

Additional SUBCONTRACTOR personnel as appropriate to the agenda . 

DESIGNER 

CONTRACTOR’S Contract Administrator 

Suppliers as appropriate to the agenda 

Others as appropriate 

~ 
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SU&ESTED AGENDA . .  

The suggested agenda items for the progress meetings include but are not limited to the following: 

A. 

B. 

C. 

D. 

E; 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

Safety Report, includes maintenance of quality and safety standards 

Review and approval of minutes of previous meeting 

Review of progress since previous meeting 

Field observations. problems, and conflicis 

Problems that impede construction schedule and proposed corrective actions 

Review of off-site delivery schedules 

Corrective measures and procedures to regain projected schedule 

Revisions to const~ction schedule 

Projected progress during succeeding work period 

Coordination of schedules 

Review submittal schedules; expedite as required 

Changes and substitutions, if required 

Review proposed changes for effect on construction schedule and on completion date, and 
effect on other contracts of the project 

Other business as appropriate 

PART 2 PRODUCTS (Not Applicable) 

PART3 EXECUTION 

3.01 MINIMUMREQUIREMENTS 

CONTRACTOR shall schedule and administer at least one progress meeting weekly and such 
additional meetings as necessary to meet project needs. These meetings shall be held at the project 
site. 

***END OF SECTION*** 
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SPEC-01200-0922 
WARRANTY OF CONSTRUCTION 

PART 1 WARRANTY OF CONSTRUCTION 

1-01 Foremost and in addition to any other warranties in this contract, the SUBCONTRACTOR 
warrants, except as provided in paragraph 1 - 10 of this clause, that work performed under this 
contract conforms to the contract requirements and is free of defects in equipment, material, or 
workmanship performed by the SUBCONTRACTOR and any of his subcontractors or suppliers at 
any tier. 

4"" WARRANTYD-~oN 
A. The warranty for the Present Landfill Synthetic Geocomposite Cover Construction shall 

extend for 1 year from the date of acceptance by the CONTRACTOR. 

The warranty for site reconstmction work shall continue for a period of 1 year from the 
date of final acceptance of the work If the CONTRACTOR takes possession of any part 
of the work before final acceptance, this w w t y  shall commence for that part on the date 
of possession and continue for a period of 1 year. 

B. 

1.03 The SUBCONTRACTOR shall remedy, at the SUBCONTRAfXORS expense, any failure to 
conform to the intent of the design, or any defect. In addition, the SUBCONTRACTOR shall 
remedy, at the SUBCONTRACTOR'S expense, any damage to CONTRACTOR-owned or 
controlled real or personal property, when that damage is the result of: 

A. The SUBCONTRACTORS failure to conform to contract requirements; or 

B. Any defect of equipment, material, workmanship, or design furnished by the 
SUBCONTRACTOR. 

1.04 The SUBCONTRACTOR shall restore any work damaged in fulfilling the terms and conditions of 
this clause. 

1.05 The SUBCONTRACTOR'S warranty with respect to work restored, repaired or replaced will run 
for 1 year !?om the date of restoration, repair or replacement. This provision applies equally to all 
items restored, repaired, or replaced under paragraphs 1.03 and 1-04 above. 

1.06 The CONTRACTOR will notify the SUBCONTRACTOR, in writing with substantiation, within a 
reasonable time after the discovexy of any failure, defect, or damage that is due to a defect in the 
SUBCONTRACTOR'S materials, equipment, or workmanship. Repair work necessary to correct 
a warranty condition which arises to threaten the health or safety of personnel, the physical safety 
of property or equipment, or which impairs operations, etc.. will be performed by the 
SUBCONTRACTOR on an immediate basis as directed verbally by the CONTRACTOR. Written 
verification will follow verbal instruction. 

1.07 Failure of the SUBCONTRACTOR to respond to written direction will be cause for the 
CONTRACTOR to have the warranty repair work performed by others and to proceed against the 
SUBCONTRACTOR as outlined in the paragraph 2.01. If the SUBCONTRACTOR fails to 
remedy such a failure, defect, or damage within a reasonable time after m i p t  of notice, the 

0 
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1.08 

1-09 

*.&: , 
CONTRACTOR shall have the right to replace, repair, or othewke remedy the failure, defect, or 
damage at the SUBCONTRA(X0RS expense, as outlined m paragraph 2.01. 

With respect to all warraoties, expressed or implied, from SUBCONTRACTORS, manufacturers, 
or suppliers for work performed and materials furnished under this contract, the 
SUBCONTRAaOR shall: 

A. Obtain all-warranties that would be given in normal commercial practice; 

B. 

Unless a defect is caused by the negligence of the SUBCONTRA-OR or 
supp l i e r / !3Ul3CO~CTOR at any tier, the SUBCONTRACTOR shall not be liable for the 
repair of any defects of material or design furnished by the CONTRACTOR nor for the repair of 
any damage that results from any defect in CONTRACTOR-furnished material or design. 

Require all warranties to be executed, in writing, for the benefit of the CONTRACTOR. 

I 

1.10 This warranty shall not limit the CONTRACTOR'S right under the contract with respect to latent 
defect, gross mistakes, or fraud. 

PART 2 ADDITIONAL WARRANTY REQUIREMENTS 

2-01 PERFORMANCE 

A. If either the SUBCONTRACTOR or his representative does not diligently pursue 
warranty work to completion, the SUBCONTRAmOR and his surety will be liable for all 
costs. The CONTRACTOR, at its option, will either have the work performed by others 
or require the surety to have it done. Both direct and administrative costs will be 
reimbursable to the CONTRACTOR. 

B 

2.02 PRE-WARRANTY CONFERENCE 

A. Prior to contract completion and at a time designated by the CONTRACTOR, the 
SUBCONTRACTOR shall meet with the CONTRACTOR to develop a mutual 
understanding with respect to the requirements of the Paragraph: WARRANTY OF 
CONSTRUCTION. Communication procedures for SUBCONTRACIDR notification of 
warranty defects, priorities with respect to the type of defect and other details deemed 
necessary by the CONTRACTOR for the execution of the construction warranty shall be 
establishdreviewed at this meeting. 

In connection with these requirements and at the time of the SUBCONTRA(X0RS 
quality control completion inspection, the SUBCONTRACI'OR will furnish the name, 
telephone number and address of the representative that is authorized to initiate and 
pursue warranty work action on behalf of the SUBCONTRACTOR and surety. This 
single point of contact will be located within the local service area of the warranted 
construction, will be continuously available. and will be responsive to CONTRACTOR 
inquiry on warranty work action and status. This requirement does not relieve the 
SUBCONTRACTOR of any Contractual responsibilities in connection with the 
paragraph: WARRANTY OF CONSTRUCTION. 

B. 
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. .  

C.  k i d  service area is defined as the area in which the SUBCONTRAmOR or his 
representative can meet the response times as described in paragraph 2.03 and in any event 
shall not exceed 200 miles radius of the construction site. 

2.03 WARRANTY SERVICE CALLS 

The SUBCONTRACTOR will respond to the site within twenty-four (24) hours of a call horn the 
site. 

PART3 SUBMITTALS 

following shall be submitted in accordance with Section 01300-0924: 

Names of service representatives that will make warranty calls along with the day, night, weekend 
and holiday contacts for response to a call within the time period specified. 

*+*END OF SECTION***. 
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SPEC-01270-0923 
MEASUREMENT AND PAYMENT 

APPROVED AS CORRECT ED 

NOT APPROVED REVISE AND SUBMIT 

APPROVAL IS FOR CONFORMANCE TO THE SITE DESIGN PROCESS AND WITH THE 
DESIGN CONCEPT OF THE CALCULATIONS, PLANS, AND SPECIFICATIONS. 

' DATE 

-. . . 



r. 

L 0 

PART 1 GENERAL 

1-01 

A. 

. B. 

1.02 

A. 

SECTION 01270 
MEASUREMENTS AND PAYMENTS 

REQUIREMENTS INCLUDED 

This section identifies Bid items by number and lists applicable Specification sections and 
method of payment and measurement. 

Provide labor, materials, equipment, supervision, and other services to construct each Rid item 
as required by Contract Documents. 

DESCRIPTION OF BID ITEMS - GENERAL 

Bid Items No. 1,2 ,3 ,  and 4: MobilizatiodDemobilization and Project administration. 

1. Materials and installation as described below. 

a. 
b. 

d. 
e. 
f. 
g- 
h. 

C. 

General and Special Provisions. 
Section 01722: Field Engineering. 
Section 01270 Measurements and Payments. 
Section 01300. Submittal Descriptions. 
Section 01500. Temporary Construction Facilities. 
Section 01430: Environmental Protection. 
Section 021 10: Site Preparation. 
Other sections containing appurtenant and incidental Work 

2. Include cost of: 

a. 
b. 

d. 
e. 
f. 
g- 
h. 

C. 

1. 

j- 
k. 
1. 

n. 
m 

0. 

Job preparation, administration, and Project closeout. 
Submittals. 
Cleaning and dust control. - .  - 
Temporary facilities. 
Environmental protection measures and employee sanitation needs. 
Moving construction equipment onto and off of construction site. 
Coordination of Subcontractors. 
Permits and notifications. 
Surveying and replacement of survey movements. 
Temporary site work. 
Project construction trailers and offices. 
Soils and materials testing performed for CONTRACrORS information. 
Temporary site work construction and removal. 
Other appurtenant and incidental Work. 
General requirements of sections listed. 

3. Do not include cost of: 

a. Traffic control. 
b. work included in other Bid items. 
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4. Measurement for Payment: 

I .03 

A. 

a. Monthly payments will be made in accordance with following formula: 

1.) Fis t  month payment = 

2.) Last month payment = 

3.) Intervening month payment = 

0.20 x contract lump sum price 

0.10 x contract lump sum price 

0.7 x contract lump sum price x percent of work completed during invoice period. 
(final completion) 
Invoice payment reduced by 10 percent retainage. 

Mobilization bid item may not exceed 5% of Project total. 

4.) 

b. 

5. Payment: 

a. Include cost of Work listed herein in lump sum price bid. 

DESCRIPTION OF BID ITEMS - EARTHWORK 

Bid Item No. 5: Earthwork 

1. 
. .  

Material and installation as described below. 

a. 
b. Section 02221: Earthwork 
c. 

Section 021 10: Site Preparation. 

Other sections containing appurtenant and incidental Work. 

2. Include cost of: 

a. 

b. 

c. 

d. 
e. 

Excavation. removal, and disposal of material above grade shown on Drawings or as 
authorized by CTR. 
Protecting existing utilities, site objects, and new work which are to remain in 
service after completion of cover. 
Removal, stockpiling, replacement, and compaction of cohesive materials as shown 
on Drawings to allow for placement of geomembrane liners and geotextile fabric. 
Clearing and grubbing prior to excavation. 
Stockpiling topsoil after stripping from areas to be cut. 

f. Clean up- 

3. Do not include cost of: 

a. 

b. 

c. Geomembranes or geotextiles. 
d. Restoration of surface. 

Excavation. removal, and disposal beyond grades shown or authorized limits set by 
m. 
Excavation, removal, and disposal of material required to be excavated, removed or 
disposed by other Bid items. 
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4. Measurement of Payment 

a. Monthly payments will be made on a time and materials basis. 

5. Payment: 

Include earthwork time and materials. 

Bid Item Nos. 6 and 12: Rock layer material €3. lacement. 

1. 

2. 

3. 

4. 

5. 

Materials and installation as demibed below. 

a. 
b. 

Section 02222: Rock Layer, and 02245: Stone and Aggregate Material, 
Other sections containing appurtenant and incidental Work. 

I 

Include cost of: 

a. Granular materials, and placement. 
b. Clean up. 

Do not include cost of: 

a. 
b. 
c. 

Granular materials, placement, and compaction outside of pay limit lines. 
Bedding, cover, and bacMll materials, and placement and compaction. 
Work included in other Bid items. 

Measurement for Payment: 

a. 
b. 

Measure, in tons, quantity of aggregate material placed as ground cover. 
Copies of load tickets shall be submitted as verification of quantities used. 

Payment: 

a. Include cost of Work in unit price bid for granular material placement. 

C. Bid Item Nos. 7,8,9. and 1 0  GDN, GCL, geomembrane liner, and erosion matting. 

1. Materials and installation as described below. 

a. Section 021 1 0  Site Preparation. 
b. Section 02224: Geocomposite Drainage Net. 
c. Section 02225: LLDPE Geomembrane Liner. 
d. Section 02226: Geosynthetic Clay Liner. 
e. Section 02227: Erosion Matting. 
f. Other sections containing appurtenant and incidental Work. 

2. Include cost of: 

a. Site preparation. 
b. 
c. Deploying liner and fabric. 

Rolling and compacting surface to receive material. 
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3. 

. 4. 

5. 

d. 
e. 
f. Cleanup. 

S d n g  liner by extrusion or fusion welding. 
Seaming fabric by sewing or hot air gun. 

Do not include cost of: 

a. 
b. 
c. 

Excavation or placement of earth cover onliner and fabric. 
Geotextile fabric used in trenches or at other locations. 
Work included in other Bid items. 

Measurement for Payment: 

a. Measure liner and fabric in square yards actually installed in-place by surveying, 
excluding overlaps. 

Payment: 

a. Include cost of Work in unit prices bid for geomembmne liner, geocomposite, GCL, 
or geotextile fabric drain. 

D. Bid Item No. 14: Seeding. 

1. Materials and installation as described below. 

a; 
b. Section02900: Seeding. 
c. 

Section 021 10: Site Preparation. 

Other sections containing appurtenant and incidental Work. 

2. Include cost of: 

a. 
b. 

d. 
e. 

f. 
g- 
h. 

C: 

Site preparation. 
Protecting existing utilities, site objects, and new work. 
Providing and salvaging topsoil and installation thereof. 
Final grading to lines and grades specified. 
Providing and installing seed as appropriate, with mulch, fertilizer, and watering if 
required. 

Other appurtenant and incidental Work. 
General requirements of sections listed. 

Clean up. 

3. Do not include cost of: 

a. 
b. 

Work outside of pay limit lines shown on Drawings. 
Work included in other Bid items. 

4. Measurement for Payment: 

a. Calculate area by surveying in acres for seeding as measured in-place within pay 
limit lines. 

SPEC-0 1270-09234. 
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5. Payment: ' 

a. Include cost of Work in unit price bid for appropriate Bid item. 

E. Bid Item No. 11: 

F. Bid Item No. 15: 

G. Bid Item No. 16: 

PART 2 PRODUCTS 

(Not Used) 

PART 3 EXECUTION 

(Not Used) 

Erosion Control . .  

Seep Passive Treatment System 

Passive Landfill Gas Venting System 

***END OF SECTION*** 

, 

SPEC-01 270-0923-5 

~ 



Present Landfill Accelerated Action 

Design Specifications Division 1 

SPEC-01300-0924 
SUBMITTAL DESCRIPTIONS 

LGGGii 
NOT APPROVED 

APPROVED AS CORRECTED 

REVISE AND SUBMIT 

APPROVAL 1s FOR CONFORMANCE TO THE SITE DESIGN PROCESS AND WITH THE 
DESIGN CONCEPT OF THE CALCULATIONS, PLANS, AND SPECIFICATIONS. 



SPE C-0 1300-0924 
SUBMIlTAL DESCRIPTIONS 

PART1 GENERAL 

1-01 SUBMllTALS .. 

The submittals described below are those required and hrther described in other sections of the 
specifications. Other requirements pertaining to submittals are included in the SPECIAL CLAUSES 
and Section 01305: SUBMITTAL PROCEDURES. Submittals required by the CONTRACT 
CLAUSES and other non-technical parts of the contract are not included in this section. 

A. i 
B. 

C. 

D. 

‘ 
E. 

F. 

G.  

H. 

. I. 

J. .. k-’ . 

Data. Submittals, which provide calculations, descriptions, or documentation regarding 
the work 

Drawings. Submittals which graphically show relationship of various components of the 
work, schematic diagrams of systems, details of fabrication, layouts of particular elements, 
connections, and other relational aspects of the work. 

Instructions. Preprinted material describing installation of a product, system or material, 
including special notices and material safety data sheets, if any, concerning impedances, 
hazards, and safety precautions. 

Schedules. Tabular lists showing location, features, or other pertinent information 
regarding products, materials, equipment, or components to be used in the work. 

Statements. A document, required by the Vendor, or through the Vendor, from a supplier, 
installer, manufacturer, or other lower tier Vendor, the purpose of which is to confirm the 
quality or orderly progression of a portion of the work by documenting procedures, 
acceptability of methods or personnel, qualifications, or other verifications of quality. 

Reports. Reports of inspections or tests, including analysis and interpretation of test 
results. Each report shall be properly identified. Test methods used shall be identified and 
test results shall be recorded. 

Certifications. Statement signed by an official authorized to certify on behalf of the 
manufacturer of a product, system or matm’al, attesting that the product, system or 
material meets specified requirements. The statement must be dated after the award of this 
contract, must state the Vendor’s name and address, must name the project and location, 
and must list the specific requirements that are being certified. 

Samples. Samples, including both fabricated and non-fabricated physical examples of 
materials, products, and units of work as complete units or as portions of units of work. 

Records. Documentation to record compliance with technical or administrative 
requirements. 

Operation and Maintenance Manuals. Data, which forms a part of an operation and 
maintenance manual. 
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PART 2 PRODUCTS (Not Applicable) 

B .  
PART 3 EXECUTION 

Submittals prepared pursuant to this specification shall be done in. accordance with Section 01305: 
SUBMITTAL PROCEDURES. 

3.01 

3 -02 

Submittals are required for the following materials: 
a. Cushion and Foundations layers 
b. GCL 
c. LLDPE Liner 
d. Geocomposite 
e. RockLayer 
f. Seeding 
g. 
h. Seep Passive Treatment System 
i. Erosion Matting 

Passive Landfill Gas Venting System 

* . - _  - - 

Detailed construction schedule is as follows: 
a. 

b. 
C. 

, d. 
e. 

f. 
g- 
h. 
1. 

j- 
k. 

Submittals for all materials required ten (1 0) calendar days after contract is awarded. 
Expected date of award: April 2,2004 
Mobilization - 10 days total 
Subgrade Preparation - 10 days of cutting activities, 25 days of filling activities, for a total of 
35 days 
6-inch Cushion Layer - included in the subgrade preparation 
Liner Installation (placement of GCL, LLDPE, Geonet) with 10-inch cushion layer placed 
concurrent as liner is placed - 40 days total 
Biota Layer Placement - lag 10 days behind liner placement, 40 days total 
24-inch soil cover - lag 10 days behind rock placement, 25 days total 
Seeding - 5 days total 
Perimeter Drainage Ditches - 30 days total concurrent with subgrade preparation 
Passive Treatment System - 30 days total also concurrent with subgrade preparation 
Completion Date, assuming an April 2,2004, NTP of August 20,2004. 

. .  ***END .OF SECTION**" 
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SPEC-01305-0925 
SUBMJTTAL PROCEDURES 

PART1 GENERAL 

l.01 

1.02 

1.03 

... . 

1.04 

- - - . - 
SUMMARY (Not Applicable) 

REFERENCES (Not Applicable) 

RESPONSIBILITIES 

A. SUBCONTRACTOR and CONTRACTOR Responsibilities , 

The SUBCONTRACXOR is responsible for management of his work including 

specifications is intended to be a complete system for the CONTRACTOR and 
SUBCONTRACTOR to use to control the quality of materials, equipment and 
workmanship provided by manufacturers, fabricators. suppliers and 
SUBCONTRACTORS. The CONTRACTOR and SUBCONTRACTOR shall review 
each submittal for contract compliance. Submittals that do not conform will be returned to 
the originator to be corrected. A Submittal Register will be utilized to log and monitor al l  
submittal activities. The Submittal Register shall be provided by CONTRACTOR to 
SUBCONTRACTOR prior to the Preconstruction Conference. No construction or 
installation activities shall be performed prior to required approvals of applicable 
submittals. The SUBCONTRACTOR shall perform a check to ensure that all materials 
and/or equipment have been tested, submitted and approved during the preparatory phase 
of quality control inspections. 

scheduling, contrd, and submittals. The submittal management system provided in these - -.. 

B. CONTRACTOR Responsibilities 

The CONTRACTOR will prepare a list of submittals based on the requirements set forth 
in the drawings and specifications. This list wiJl be prepared on the Submittal Register. 
The CI’R will review submittals for approval and approve those that conform to contract 
requirements. The approval of submittals by the CONTRACTOR shall not be construed 
as a complete check, but will indicate only that the general method of construction, 
materials, detailing and other information are satisfactory. Approval will not relieve the 
SUBCONTRACTOR of the responsibility for any error that may exist, as the 
SUBCONTRACTOR under the CQC requirements of this contract is responsible for the 
dimensions and design of adequate connections, details and satisfactory construction of all 
work. After submittals have been approved, no resubmittal for the purpose of substituting 
materials or equipment will be given consideration unless accompanied by justification as 
to why a substitution is necessary. 

SUBMITTAL CLASSIFICATION 

CONTRACTOR approval is required for extensions of design, critical materials, deviations, 
equipment whose compatibility with the entire system must be checked, and other items as 
designated by the CONTRACTOR. Within the terms of the contract Clause entitled 
“‘Specifications and Drawings for Construction,” they are considered to be “shop drawings.” 
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1.05 CATEGORIES OF SuBMI"AL!S 
0) 

11p6 

- _ _  - 

1.07 

D 

The CONTRACTOR'S approval of submittals shall not be construed as a complete check, but will 
indicate only that the general method of construction, materials. detailing and other information is 
satisfactory. Approval .willnot relieve the subcontractor of the responsibility for any error that 
may exist, as the subcontractor under the CQC requirements of this contract is responsible for 
dimensions, the design of adequate connections and details, and the satisfactory construction of all 
work. After submittals have been approved by the CONTRACTOR. no resubmittal for the 
purpose of substituting materials or equipment will be considered unless accompanied by an 
explanation of why a substitution is necessary. 

DISAPPROVED SUBMTITALS 

The SUBCONTRACTOR shall make all corrections required by the CONTRACTOR and 

submittal. If the SUBCONTRACTOR considers any correction indicated on the submittals to 
constitute a change to the contract, notice as required under the Contract Clause entitled 
"Changes" shall be given promptly to the CONTRACTOR. 

WITHHOLDING OF PAYMENT 

promptly furnish akorrected submittal in the form and number of copies as specified for the initial -_.. . 

Payment for materials incorporated in the work will not be made if required submittaldapprovals 
have not been obtained. 

BART 2 PRODUCTS (Not Applicable) 

PART3 EXECUTION 

3.01 GENERAL 

The SbCONTRACTOR shall submit all items listed on the Submittal Register or specified in 
the other sections of these specifications. The CONTRACTOR may request submittals in addition 
to those listed when deemed necessary to adequately descr'be the work covered in the respective 
sections. Units of weights and measures used on all submittals shall be the same used in the 
contract drawings. Submittals shall be made in the respective number of copies and to the 
respective addresses set forth below. Each submittal shall be complete and in sufficient detail to 
allow ready determination of compliance with all contract requirements. Prior to submittal, all 
items shall be checked and approved by the SUBCONTRACTOR and each respective Transmittal 
Form shall be signed and dated by the SUBCONTRACTOR certifying that the accompanying 
submittal complies with all the contract requirements. Proposed deviations from the contract 
requirements shall be clearly identified. Submittals shall include items such as: 
S U B C O N T R A ~ O R S .  manufacturer's, or fabricator's drawings; descriptive literature including 
(but not limited to) catalog cuts, diagrams, operating charts or curves; test reports; test cylinders; 
samples; O&M manuals including parts list; certifications; warranties and other such required 
submittals. Submittals requiring approval shall be scheduled and made prior to the acquisition of 
the material or equipment covered thereby. D 
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] 3.02 SUBMllTALREGISTER I., 
The CONTRACTOR will be furnished one copy of the Submittal Register at the preconstruction 
conference on which will be listed each item of equipment and material of each type for which 
fabricators drawings, andfor related descriptive data, test reports, samples, spare parts lists, O&M 
manuals, or otbertypes o€.submittals are required by the specifications. The submittal register will 
also include respective addresses and required copies. The approved submittal register will 
become the scheduling document and will be used to control submittals throughout the life of the 
contract. This register and the progress schedules shall be coordinated. 

3.03 SCHEDULING 

\ Submittals covering component items forming a system or items that are interrelated shall be 
scheduled to be coordinated and submitted concurrently. Submittals are scheduled to be delivered 
seven (7) calendar days after contract award. Certifications to be submitted with the pertinent 
drawings shall be so scheduled. Adequate time (a minimum of seven (7) calendar days exclusive 
of mailing time) shall be allowed on the register for review and approval. No delays, damages, or 
time extensions will be allowed for time lost in late submittals. 

_. . 
. ._ -. 

3.04 TRANSMTTI'ALFORM 

A formal transmittal form shall be used for submitting submittals. This form shall be properly 
completed by filling out al l  the heading blank spaces and iden-g each item submitted. Special 
care will be exercised to ensure proper listing of the specification paragraph and/or sheet number 
of the contract drawings pertinent to the data submitted for each item. 

3.05 SUBMll'TAL PROCEDURE 

All items listed on the Submittal Register shall be mailed directly to the CTR. The mailing 
address is: 

Mr. Bob Davis 
Rocky Flats Environmental Technology Site 
10808 Highway 93, Unit B, Building 116 
Golden. Colorado 80403-8200 

All catalog and descriptive data shall be submitted in three (3) copies. Catalog cuts and other 
descriptive data which have more than one model, sue, or type or which shows optional 
equipment shall be clearly marked to show the model, size, or type and all optional equipment that 
is proposed for approval. Submittals on component items forming a system or that are interrelated 
shall be submitted at one time as a single submittal in order to demonstrate that the items have 
been properly coordinated and will function as a unit. 

\ .  

A. Certificates of Compliance 

Each certificate shall be signed by an official authorized to certify on behalf of the 
manufacturing company and shall contain the name and address of the 
SUBCONTRACTOR, the project name and location, and the quantity and date or dates of 
shipment or delivery to which the certificates apply. Copies of laboratory test reports 
submitted with certificates shall contain the name and address of the testing laboratory and 
the date or dates of the tests to which the report applies. Certification shall not be 
conshued as relieving the SUBCONTRAmOR from furnishing satisfactory material, if. 
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3.06 

3.07 

. .. -. . . 

3.08 

. .  . .. 

after tests are performed on selected samples, the material is found not to meet the specific 
requirements. 

B. Deviations 

The SUBCONTRACTOR shall set forth in Writing the reason for any deviations and 
annotate such deviations on the submittal. The CONTRACI'ORENGINEER resemes the 
right to rescind inadvertent approval of submittals containing unnoted deviations. 

CONTROL OF SUBMllTALS 

The SUBCONTRACTOR shall carefully control his procurement operations to ensure that each 
individual submittal is made on or before the SUBCONTRACTOR scheduled submittal date 
shown on the approved "Submittal Register." I 

CONTRACTOR APPROVED SUBMllTALS 

Upon completion of review of submittals. the submittals will be identified as havingreceived 
approval by being so stamped and dated. 

The drawing print and three (3) sets of all catalog data and descriptive literature will be given to 
the CTR. After approval. the C"R will return one to the SUBCONTRACTOR. 

STAMPS 

Stamps used by the SUBCONTRACI'OR on the submittal data to certify that the submittal meets 
contract requirements shall be similar to the following: 

SUBCONTRACTOR 

(Firm Name) 

0 Approved 

0 
0 Revise and Resubmit 

Approved with corrections as noted on submittal data and/or attached sheets(s). 

Signature: 

Title: 

3.09 DISPOSAL OF SuBh4lTfAL SAMPLES 

When submittal samples are no longer required for review or testing, the SUBCONTRACTOR 
shail, upon notification from the CONTRACTOR. pick up and dispose of the sampks in 
accordance with manufacturers' Material Safety Data Sheets (MSDS), all applicable Federal, State. 
and local regulations, and in a manner approved by the CONTRACTOR. 

' -  i , .i 

***END OF SECTION*** 
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SPEC-01310-0926 
CONSTRUCTION SURVEYING 

PART1 GENERAL 

1-01 SUMMARY 
. -  - 

A. SUBCONTRACTOR RESPONSIBILITIES 

1. Vertical and horizontal control shall be established by SUBCOIWFWCI'OR in 
the form of benchmarks prior to starting work at the project site. 
SUBCONTRACTOR shall choose which type of surveying equipment to use 
(GES, total station, etc.). All construction staking shall be the responsibility of 
SUBCONTRACTOR. In addition, SUBCONTRACTOR shall be responsible to 
review all construction staking with ENGINEER-and-CONTRACTOP to identij. 
the features staked. 

2. SUBCONTRACTOR shall perform record surveys for certification in accordance 
with the Specification Sections 01720: Project Record Documents, and 01722 
Field Engineering. 

3. Survey work shall be performed under the direction of a Professional Land 
Surveyor registered in the State of Colorado. 

B. Primary Control Monuments 

Established benchmarks shall be verified by SUBCONTRACTOR to establish primary 
vertical and horizontal control for Work. 

1.02 SUBMITTALS 

The following shall be submitted in accordance with Section 01300 SUBIWITAL 
DESCFUPTIONS and Section 01 305 SUBMITTAL PROCEDURES: 

A. Computations for control stations and benchmarks. 

B. Field notes. 

C. Surveydata. 

D. Record Surveys. 

PART 2 PRODUCTS 

1-01 Record Surveys 

Record surveys for the surfaces and layer thicknesses will include the information and details as described 
in the QNQC Plan. These surveys must be stamped by a Colorado licensed land surveyor, approved by 
CTR and submitted to the CONTRA(Y0R for final acceptance. 
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PART 3'EXECUTION 

. .. 

3.01 BENCHMARKS 

Permanent horizontalhertical control monuments will be established at the landfill site, as appropriate. 
- -Each monument will be assigned 3rd order State Plane coordinates and Mean Sea Level elevations as well 
as coordinates adjusted to RFETS datum. 

A. Accuracy 

The site survey work shall meet or exceed the horizontal and vertical accuracy criteria as 
defined by the Standards and Accuracy and General Specifications of Geodetic Control 
Surveys established by the U.S. Department of Commerce. Horizontal control positions 
(i-e., benchmarks) shall be within Third Order, Class I accuracy and accomplished by 
those standards. Drawing 51 78 1-004 of the Accelerated Action Design for the Present 
Landfill presents the control monuments in the project area. -The closing error of control 
leveling for the survey/monuments shall not exceed 0.05 foot times the square of M, 
where M is the miles of leveling. Computations for all control stations and benchmarks 
shall be furnished to the CONTRA(X0R upon request 

3.02 CONSTRUcTlON LINE AND GRADE 

SUBCONTRACTOR shall bear sole responsibility for correct transfer of construction lines and 
grades from benchmarks for the correct alignment and grade of completed Work based on lines 
and grades shown on Drawings. SUBCONTRACTOR shall establish vertical and horizontal 
reference control stakes in the proximity of the work. 

A. Survey Accuracy 

Vertical Surveys shall be reported to the nearest 0.1 foot. Horizontal surveys shall be 
reported to the nearest 0.1 foot. 

B. Datum for Control 

Horizontal coordinates shall be based on the Rocky Flats coordinate system. Elevations 
shall be based on Mean Sea Level NAV 88. 

C. Construction Staking and Record Surveys 

1. Elevations shall be taken on existing ground using the control point locations 
given in the Drawings prior to construction for use as reference data for 
verification of record quantities. 

2. Rough cut/fill stakes shall be set for the final cover subbase when 
SUBCONTRAmOR starts construction. Alternately, SUBCONTRAaOR may 
use laser-guided equipment. 

Record surveys for the required layers shall be performed as described in the 
QMQC Plan. 

3. 
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3.03 

1. 

2. 

3. 

4. 

5.  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

3.04 

.. 
2' 

C. Data Transfer 

If requested by CONTRACTOR, SUBCONTRACTOR shall provide a copy of field notes 
in a neat and legible format to CONTRAaOR at the end of the day upon which the 
survey is performed. In addition, at least once per each week survey work is performed, a 
copy of the survey data shall be submitted on a high density, 1.44 MB, 3.5" diskette (or 
approved alternative), in a standard ASCII file format. Coordinates should be input as 
decimal numbers in columns for point ID, northing, easting and elevation. Blanks, tabs, 
or commas shall separate all columns. 

S u R v E Y E D r n S  

Surveying will be conducted at a mhhum to support the production of the following as-built 
record drawings: 

Top of regrade surface, and sample locations (vertical tolerance of d. 1 feet). 

Top of 6-inch cushion layer, and sample locations (vertical tolerance of -0 to M.2 
feet). 

Gas system alignments. 

Geosyntbetic panel layout and sample and repair locations. 

Top of 10-inch cushion layer and sample locations (vertical tolerance of -0 to 
4.2) 

Anchor trench alignment. 

Top of rock layer (vertical tolerance of -0 to M.2 feet). 

Top of final cover surface, and sample locations (vertical tolerance of -0 to +0.2 
feet). 

Perimeter channel, with slope and width. 

Diversion berm toe of slope. 

Seep treatment system layout. 

Final project completion site topographic map. 

SURVEY MONUMENTS 

SUBCONTRACTOR shall protect survey monuments marked by CONTRACTOR existing 
throughout Project area. If monuments are damaged, the SUBCONTRACTOR shall advise 
CONTRACTOR immediately. SUBCONTRAmOR shall replace damaged monuments by a 
Registered Land Surveyor at SUBCONTRACTOR'S expense. 

***END OF SECTION*** 
SPEC41 3 10-0926-3 
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SPEC-01320-0927 
CONSTRUCTION PHOTOGRAPHS 

PART1 GENERAL 

1.01 

1.02 

I 

1.03 

R 

SUMMARY 

This section covers the required construction photographs to be taken at the site. 

G E N E a  REQUIREMENTS 

SUBCONTRACTOR shall take construction record photographs periodically during the course of 
work. The S U B C 0 N " O R  shall coordinate and obtain the appropriate camera pass through 
the CONTRACTOR. The SUBCONTRACTOR shall comply with all Rocky Hats Environmental 
Technology Site (RFETS)  regulations and procedures associated with the operation of a camera on 
the RFETS property. 

A. Pre-work Photographs 

Take views of general site showing location and arrangement of facilities, equipment, 
fencing, and access roads. . . - . . . . 

B. Progress Photographs 

After work has started at site. photographically record progress of Work. Include coverage 
of following: 

1. Site preparation. 

2. 

3. 

Photographs shall illustrate conditions and location of work and state of progress. 
Photograph from locations to adequately illustrate condition of construction: 

1. 

2. 

Fine grading and subgrade preparation. 

Construction of tbe Synthetic Geocomposite Cover. 

At each location to adequately illustrate condition of construction. 

At successive periods of photography, take at least one photograph from the same 
overall view as previous. 

Actual number and location of views to be taken for progress photographs shall be 
as directed by CONTRACTOR or his representative. 
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After completion of work, SUBCONTRACTOR shall take sufficient views of general site to 
record post-work condition using wide angle lens. 

D. Negatives 

If transfer of electronic formats to film is necessary, negatives shall remain property of 
CONTRACTOR. 

1.04 , QUALITY ASSURANCE 

A. Use digital color camera, and provide Windows-based program to view photographs. 

PART 2 PRODUCTS 

2.01 PRINTS (The following section applies only when generating printsfrom electronic versions) 

A. 

B. 

Color 

1. Paper 

Commercial quality, single weight, white base 

2. Finish 

Smooth surface, glossy 

3. Size  

a. 

b. Progress: 3-1/2411. by 5-in. 

Prework. Post Work: 3-1/2411. by Sin.  

Identification 

Each print shall show, by photographic means, information box, 1 in. by 2 in. taped to the 
back of the photograph. 

Box shall be typewritten and arranged as follows. 

Accelerated Action Present Landfill 

Project No.: Contract No.: 

Contractor: 

Photograph No.: Date: 

Demiption: 

SPEC41 320-0927-2 
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~ PART 3 EXECUTION 

3.01 TECHNIQUE 

A. Factual presentation 

B. Correct exposure and focus 

i 
3.02 

High resolution and sharpness 
Maximum depth-of-field 
Minimum distortion 

C. Floppy disks shall be stored as to prevent damage. 

DELIVERY OF PRINTS AND ELECTRONIC MEDIA 
- _._ “ - - - 

Deliver electronic versions of each photograph, stored on CD-ROMs upon project completion. 
Photographs and electronic media shall be CONTRACTOR property and not released by 
SUBCONTRACTOR to anyone except CONTRACTOR or his representative. If requested “Hard 
copies” or prints of photographs shall be prepared and enclosed back-to-back in double-faced 
plastic sleeve punched to fit standard 3-ring binder. Both electronic versions and hard copies of 
photographs shall be properly identified by including the pmject number, date, and general 
description of the presentation. 

.. . 

. .  

***END OF SECTION*** 
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SPEC-01350-0928 
SPECIAL PROCEDURES 

MATERIALS AND WASTE HANDLING 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division I Specification Sections, apply to this Section. 

I 

1.t SUMMARY 

A. This Section includes procedures that the Subcontractor must follow for proper handling and 
disposal of various forms of waste at RFETS. 

B. Related Sections include the following: 

1. General Provisions for project specific Health and Safety Plan. 

1.3 DEFINITIONS OF WASTE 

A. Onsite Sanitary Waste - Excess excavated materials, asphalt street paving, and waste 
generated during construction shall be handled in accordance with the Sanitary Waste 
Disposal Procedure (SWODP), I-PRO-573SWODP. 

B. Hazardous Waste - Those waste materials exhibiting a hazardous characteristic (ignitibility, 
corrosivity, reactivity, or toxicity) or are listed in Colorado Hazardous Waste Regulations 
6CCR-1007-3 will be handled in accordance with the Hazardous Waste Requirements 
Manual (HWRM) Number 1-1oooO-HWRM. Examples of hazardous wastes include- paint 
thinners, Freon, epoxy, and enamel paints. 

C. TSCA Waste - Those waste materials identified and controlled under the Toxic Substance 
Control Act. Examples of TSCA wastes include materials containing asbestos and PCB's 
(Polychlorinated Biphenyl's). 

1.4 PROCEDURES 

A. The Subcontractor shall closely adhere to the following procedures to assure that all waste 
generated during construction will be properly dispositioned and disposed: 

1. All material and equipment being removed from the construction area shall be monitored 
by Contractor's Radiation Monitoring group before being removed from the area. 

2. Subcontractor shall, at all times, keep the work area clean and orderly. All debris, scrap, 
and rubble shall be removed from the area as i t  is generated. At the end of each work 
shift, the work area shall be clean and left in a neat and orderly manner. Access routes 
for other personnel shall be kept clear at all times. 
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3- Installed equipment and materials removed by the Subcontractor under this contract, and 
authorized to be reused in the work, shall remain the property of the Contractor. All 
such equipment and material shall be properly identified and delivered to the Contractor 
as directed. The Subcontractor shall use care in removing salvageable materials and 
equipment so as not to cause undue damage that may render the equipment or materials 
unusable. - -  - _ _ .  . 

4. Materials containing TSCA wastes shall be handled and stabilized in accordance with 
the RFETS TSCA Management Plan, TSCA Guidance No. 32. 

1.5 WASTE DISPOSAL SlTES I 

A. Sanitary Waste will be handled and disposed of by the Sanitary Waste Collection/Disposal 
Contractor at an approved offsite commercial landfill that complies with all applicable 
Federal, State, and Local regulations and the offsite sanitary landfill waste acceptance 
criteria. Subcontractor shall ensure that Sanitary Wastes are segregated from other wastes. 

B. Hazardous Waste will be handled, shipped and disposed of in accordance with HWRM at a 
DOE approved disposal site. In order to minimize hazardous waste volume, Subcontractor 
shall ensure that sanitary wastes are not mixed with hazardous wastes. 

C. TSCA Waste will be handled, shipped and disposed of in accordance with the RFETS TSCA 
Management Plan, TSCA Guidance No. 32 to a TSCA certified disposal site. In order to 
minimize TSCA waste volume, Subcontractor shall ensure that sanitary wastes are not mixed 
with TSCA wastes. 

1.6 WASTE SEGREGATION, CONTROLLED RELEASE AREAS . 

D 
A. All areas of the plant have the potential to contain multiple types of waste, including sanitary 

and hazardous waste. This section deals with the segregation and disposal of waste from 
these areas. Subcontractor shall prepare sanitary waste, for disposal and assure that it meets 
the requirements defined in SWODP. 

I. Recycling and reuse options should be considered before the sanitary waste is sent to a 
landfill or other disposal site as dictated by federal and state regulations and DOE 
Orders. 

a. . Any discardable items eligible for recycle shall be separated from the sanitary waste 
and placed in the proper recycle containers or recycled through Property Utilization 
and Disposal. Recycle Programs accept the following: 

1) Officepaper 
2) Aluminum Cans 
3) Printer cartridges 
4) Cardboard 
5) Scrap metal 
6) Foodhiodegradable cafeteria waste 
7) Glass, tin, No. 1 and 2 plastics 
8) Phonebooks 
9) Newspapers 
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10) Wood (i.e.. pallets) 
11) shrink wrap 
12) Computer software manuals 

2. Information regarding recycling is in I-B27-REC-001. Rocky Flats Recycling and the 
Waste Minimization Program Plan. 

3. Hazardous waste separated from other waste shall be managed in accordance with the 
requirements found in HWRM. 

1.7 HANDLING AND DISPOSAL OF SANlTARY WASTE 
I 

A. Subcontractor shall follow the requirements set forth in the SWODP and opkrate in 
compliance with all site and governing regulatory requirements: The Sanitary Waste 
CollectiodDisposal Contractor furnishes labor, supervision, and equipment to collect, 
transport, and, dispose solid sanitary waste and special waste from the site on a scheduled 
and unscheduled basis. 

1.8 HANDLING AND DISPOSAL OF HAZARDOUS WASTE 

A. Subcontractor is subject to the responsibilities and tasks identified in various fedefal and 
state regulations, as well as those plant procedures that implement federal, state, local and 
individual disposal site contract standards addressing the generation, handling, treatment, 
storage, transfer, and/or disposal of hazardous waste. 

B. Subcontractors who handle a hazardous waste are responsible for satisfying the requirements 
of the HWRM from the point of generation to disposal through the accountability procedures 
established in the HWRM. 

1.9 HANDLING AND DISPOSAL OF TSCA WASTE 

A. Subcontractor is subject to the responsibilities and tasks identified in various federal and 
state regulations, as well as those plant procedures that implement federal, state, local and 
individual disposal site contract standards addressing the generation, handling, treatment, 
storage, transfer, and/or disposal of TSCA waste. 

B. Subcontractors who handle a TSCA waste are responsible for satisfying the, requirements of 
the TSCA Management Plan from the point of generation to disposal through the 
accountability procedures established in the TSCA Management Plan. 

PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION (Not Used) 

***END OF SECIION*** 
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SPEC41 401-0929 
SAFETY, HEALTH AND EMERGENCY RESPONSE 

PART 1 GENERAL 

1.01 

1.02 

1.03 

SUMMARY’ . . 

Safety, health and emergency response shall be as detailed in the below-referenced plan. All work 
performed under the project shall comply with all applicable federal, state and local safety and 
occupational health rules and regulations. 

REFERENCES (NOT APPLICABLE) I 

GENERAL REQUIREMENTS 

A. Safety, health and emergency response requirements shall be as detailed in the project- 
specific Health and Safety Plan (HASP) to be provided by the SUBCONTRACTOR to the 
CONTRACTOR. 

B. Within seven calendar days after receiving the authorization to begin the construction 
phase of the Subcontract, the SUBCONTRACTOR shall perform a thorough walkdown of 
the construction site with the CONTRACTOR Within seven calendar days after the 
walkdown, the SUBCONTRACTOR shall prepare and submit a draft, project specific 
HASP to the CONTRACTOR’S Project Manager for review and comment. 

The HASP shall comply with the requirements of 29 CFR 1926.65, Hazardous Waste 
Operations and Emergency Response, and DOE Order 5480.9A, Construction Project 
Safety and Health Management, which include the following elements: 

C. 

1 - Job Hazard Analvsis (JHA). The HASP shall be in the form of a project-specific 
JHA, which shall be in the form prescribed by the CONTRACTOR. 

Hazard RecoEnition and Control. The HASP shall identi@ the project-specific 
controls that will be implemented to address the hazards identified in the project- 
specific HASP. 

Personal Protective Eauiument. The HASP shall identify the required project- 
specific personal protective equipment (PPE). 

Personnel MonitorinR. The HASP shall describe the personnel monitoring (e.g. 
dust) activities that will be performed by the Subcontractor during construction 
activities. 

Unanticipated Hazards or Conditions. The HASP shall describe the procedures 
that will be implemented by the SUBCONTRACTOR in the event of an 
unanticipated hazard or condition. 

2. 

3. 

4. 

5. 

D. The SUBCONTRACTOR shall not initiate field work until the final HASP has been 
approved by the CONTRACTOR. 

_ .  . . . .  . .  . . .  SPEC-OI 401 -0929-1 
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PART2 PRODUCTS D 
The final HASP will be submitted as a bound document. 

PART 3 EXECUTION 

Safety, health and emergency response actions shall be as detailed in the Health and Safety Plan to 
be provided to SUBCONTRACTOR by the CONTRACTOR. 

i 

***END OF SECTION*** 
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SPEC-01405-0930 
TEMPORARY FIRE PROTECTION 

PART1 GENERAL 

1-01 This section covers SUBCONTRACTOR'S responsibilities for the prevention and control of fire at 
the project site during the contract period. 

PART2 PRODUCTS 

tol 
A. Fire Extinguishers 

Fire extinguisher sizing and placement shall comply with requirements of the Rocky Flats 
Environmental Technology Site (FWETS) Fue Department, but shall basically consist of 
20-pound type ABC fire extinguishem 

PART3 EXECUTION 

3.01. TRAINING OF SUBCONTRACTOR PERSONNEL 

' L 0 All SUBCONTRACTOR personnel who may be involved in frre fighting activities shall have 
received fire fighting training in accordance with OSHA 20 CFR 1910.156. Training shall include 
dealing with smoke in air supply masks and malfunctions in other protective equipment. 

3.02 FIRE RGHTING EQUIPMENT REQUIREMENTS 

A. Site Trailers. A minimum of one fue extinguisher shall be located in each site trailer, 
depending on final size and configuration of trailer floor space. 

B. Equipment. Each piece of equipment operated on the project site shall be equipped with 
one fire extinguisher, readily accessible to the equipment operator. 

C. Seep passive treatment system constructioo site. One fire extinguisher will be located at 
the seep passive treatment system construction site. 

3.03 OUTSIDE ASSISTANCE 

The SUBCONTRACTOR shall prearrange for the services of the RFETS Fire Department and 
coordinate roles of the local fire department and SUBCONTRACTOR personnel. 

** *END'OF SECTION ** * 
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SPEC-01430-0931 
ENVIRONMENTAL PROTECTION 

PART1 GENERAL 

1-01 SUMMARY 

Environmental prote tion shall be 

1.02 REFERENCE3 (Not applicable) 

1.03 GENERAL, REQUIREMENTS 

s described in th plan referenced below. 

A. Environmental protection requirements shall be as detailed in the Field Implementation 
Plan (FIP) Work Control Document to be prepared by the SUBCONTRACTOR. This 
FIP shall include provisions for erosion control and storm water management. 

Within seven calendar days after receiving the authorization to begin the construction 
phase of the Subcontract, the SUBCONTRACTOR shall prepare and submit a draft FIP to 
the CONTRACTOR for review and comment The FIP shall include a subsection to cover 
CONTRACTOR requirements for an Erosion Control and Storm Water Management Plan 
(E=wMp)- 

B. 

C.  The FJP shall describe the overall implementation of the project based on the requirements 
of the final design package and, for environmental protection requirements and 
responsibilities, shall include the following elements: 

1. Proiect Controls. The FIP shall describe the controls that will be established and 
implemented by the SUBCONTRACTOR to ensure that the environment is 
protected in accordance with all applicable RFETS regulatory guidelines and 
Standard Operating Procedures. These shall include: 
a. Access and traffic controls as they relate to environmental impacts (e.g., 

erosion and dust control purposes). 
b. Transportation controls as they relate to fueling requirements and spill 

responsemeasures 
C. Dust control measures. 
d. Equipment inspection requirements and fluid leakage controls. 
e. Waste generation and management. 
f. Emergency response requirements. 

2. Erosion and Sedimentation Controls. The FIP shall describe all necessary 
sediment control devices that shall be installed before the initiation of any land 
disturbances, and shall include controls that ensure: 
a. Surface area of erodible material exposed by clearing and grubbing is 

limited, and permanent or temporary sediment control measures are 
implemented as necessary to prevent transport of sediment. 
Sediment-laden water does not enter watercourses. 
Excavated or delivered soils are not stockpiled in such a manner to cause 
sedimentation of a watercourse. 

b. 
c.  

. .. 
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d. Surface water is controlled so that stability of excavated or constructed 
slopes is not adversely affected by water, erosion is minimized, and 
flooding of excavations does not occur. 

D 
3. Dust Control. The FIF' should describe all methods used to control fugitive dust 

emissions during the project life. No dust emissions from padways, or 
construction operations within ,the project boundary will be allowed. 

D. The SUBCONTRAnOR shall not initiate field work until the final FIP has been 
approved by the CONTRACTOR. 

Y2 
The final F W  will be submitted as a bound document. 

PART 3 EXECUTION 

3.01 GENERAL 

Environmental protection actions shall be as detailed in the FIP Work Control Document to be 
supplied to SUBCONTRACTOR by the CONTRACTOR. 

D 

***END OF SECTION*** 
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1.01 

1.02 

"p" 

SPEC-01440-0932 
CONTRACTOR QUALITY CONTROL 

PART1 GENERAL 

SUMMARY 

Quality control shall be as described in the plans referenced below. 

REFERENCES (Not applicable) 

GENERAL REQUIREMENTS 

Quality control requirements shall be as detailed in the project-specific Construction Qualiry 
AssurancdQuality Control Plan, of the Accelerated Action for the Present LandJil, which will be 
supplied to the SUBCONTRACTOR by the CONTRACTOR. 

PART 2 PRODUCTS (NOT APPLICABLE) 

PART 3 EXECUTION 

GENERAL 

Quality control actions shall be as detailed in the Construction Quality AssurancdQuality Control 
Plan, of the Accelerated Action for the Present LonafiN, which will be supplied to the 
SUBCONTRACTOR by the CONTRACTOR. 

***END OF SECTION*** 
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SPEC-01500-0933 
TEMPORARY CONSTRUCTION FACILITIES 

PART1 GENERAL 
- - -  

I .O I GENERAL REQUIREMENTS 

A. Contract Compliance 

All temporary facilities shall be planned, developed, installed, and maintained in , 

accordance with Appendix D of the Contract Statement of Work, Guidelines for rhe 
Design and Installation of Temporary Facilities. 

I 

B. Site Plan 

The SUBCOP?IXACTOR shall prepare a site plan in accordance with the Drawings 
indicating the proposed location and dimensions of any areas to be fenced and used by the 
SUBCONTRACTOR. The site plan shall indicate the number of trailers to be used, 
avenues of ingresdegress to the fenced area and details of the fence installation. Any 
areas, which may have to be graveled to prevent the tracking of mud, shall also be 
identified. The SUBCONTRACTOR shall also indicate if the use of supplemental or 
other staging areas will be necessary. 

B. Employee Parking 

CONTRACTOR and SUBCONTRACTOR employee parking shall not inkfiere with 
existing and established parking requirements of the Rocky Flats Environmental 
Technology Site (RFETS). CONTRACTOR and SUBCONTRACTOR employees shall 
park privately owned vehicles in the mutually-agreed area. 

1.02 AVAILABILITY AND USE OF UTlLITT SERVICES 

A. Electricity 

The SUBCONTRAmOR assumes that site electrical needs will be fulfilled through the 
use of a temporary generator, capable of supplying adequate current to satisj. site office 
and equipment calibration needs. It is assumed that this unit will be self-contained, not 
requiring a separate fuel storage tank. The generator will be placed in a lined and bermed 
area in order to meet secondaxy containment needs as they relate to on-site fuel storage. 
Appropriate calculations and coordination will be made relative to emissions requirements 
of the RFETS Operating Permit, with the generator considered a stationary source 
complying with the 20 percent opacity limitation presCribed by Colorado Air Quality 
Control Commission Regulation No. 1 - 

B. Fueling 

If temporary fueling stations are required. fuel tanks will be placed in a lined and bermed 
area in order to meet secondary containment needs. 
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D’ 
- .  

C. Sanitation 

WETS toilet facilities will not be available to SUBCONTRACTOR personnel at the 
project site. Portable temporary hand wash and portable toilet units for trailerdpersonnel 
will be provided by the SUBCONTRACTOR in quantities to accommodate the site layout 
and the anticipated size of &e pcject wcrkforce for the project The final quantity and 
configuration may be revised based on the final breakdown of gender of the site staff. 

D. Telephone 

The CONTRA(X0R has determined that dedicated phone service is not available to the 
project site. Project communications will be accomplished through the use of wireless 
equipment, with fax capability. I 

I 

1.03 BULLETIN BOARD AND PROJECT SIGN 
< - .  . .  

A. Bulletin Board 

Immediately upon beginning of work, the SUBCONTRACTOR shall provide a 
weatherproof glasscovered bulletin board not less than 915 by 1220 mm (36 by 48 
inches) in size for displaying the Equal Employment Opportunity poster, a copy of the 
wage decision contained in the contract, Wage Rate Information poster, and other 
information approved by the CONTRACTOR. The bulletin board shall be located at the 
project site in a conspicuous place easily accessible to all  employees. as approved by the 
CONTRACTOR representative. Legible copies of the aforementioned data shall be 
displayed until work is completed. Upon completion of work the bulletin board shall be 
removed by and remain the property of the SUBCONTRACTOR. 

B. Projectsign 

Immediately upon beginning of work, the SUBCONTRACTOR shall provide a safety sign 
in accordance with the sign specifications and details at the end of this Section. The sign 

I shall be erected within 15 days after receipt of the notice to proceed. Upon completion of 
the project, the sign shall be removed by and remain the property of the 
SUBCONTRACTOR. 

1.04 PROTECTION AND MAINTENANCE OF TRAFFIC 

During construction, the SUBCONTRACTOR shall provide access and temporary relocated roads 
as necessary to maintain M i c .  The SUBCONTRACTOR shall maintain and protect traffic on all 
affected roads during the construction period except as otherwise specifically directed by the 
CONTRACTOR Technical Representative. Measures for the protection and diversion of traffic, 
including the provision of watchmen and flagmen, erection of barricades, placing of lights around 
and in front of equipment and the work, and the erection and maintenance of adequate warning, 
danger, and direction signs, shall be as required by the RFETS Security and Safety Organizations. 
The traveling public shall be protected from damage to person and property. The 
SUBCONTRACTOR’S traffic on roads selected for hauling material to and from the site shall 
interfere as little as possible with normal traffic. The SUBCONTRACTOR shall investigate the 
adequacy of existing roads and the allowable load limit on these roads. The SUBCONTRACTOR B shall be responsible for the repair of any damage to roads caused by construction operations. -4- 
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A. Haul Roads 

The SUBCONTRACTOR shall construct access and haul roads necessary for proper 
execution of the work under this contract. Haul roads shall be constructed with suitabie 
grades and widths; sharp curves, blind corners, and dangerous cross trafFic shall be 
avoided. The SUBCONTRACTOR shall provide necessary lighting, signs. barricades, and 
distinctive markings for the safe movement of traffic. The method of dust control, 
although optional, shall be adequate to ensure safe operation at all times. Dust generation 
shall be monitored on a visible dust basis, not allowing for the use of airborne dust 
monitoring equipment or insbumentation. Location, grade, width, and alignment of 
construction and hauling roads shall be subject to approval by the CONTRACTOR; 
Lighting shall be adequate to assure full and clear visibility for full width of haul road and 
work areas during any night work operations. Upon completion of the work, haul roads 
designated by the CONTRACTOR shall be removed. 

1.05 CONTRACTOWSUBCONTRACTOR’S TEMPORARY FACILITIES 

A. Administrative and Storage Areas 

Mobile facilities will be located in an area designated and prepared by the 
CONTRACTOR. Anticipated trailers include: an ofice for the ENGINEER’S 
representative, an office for the RFEXS’s representative, an office for the Independent QA 
ENGINEER, a lunch room and meeting room. The CONTRACTOR will provide areas of 
100’ by 100’ for each of the proposed trailers. The art% will be reasonably level, graded, 
welldrained subgrade of satisfactory soil material, compacted to no less than 95 percent of 
maximum dry density in the top 6 inches. It will also have a surface consisting of gravel 
paving course of subbase material not less than 3 inches thick; roller compacted to a 
level, smooth, dense surface. 

B. Field offices 

The SUBCONTRACTOR shall provide and maintain administrative field office facilities 
within the area designated by the CONTRACTOR. Each of the administrative field 
offices will at a minimum contain: a desk, file cabinet, and two chairs. 
SUBCONTRACTOR-provided facilities shall meet all applicable codes including ANSI, 
ASTM. NEUNFPA, and UBC for the specific facility classification applicable to the 
temporary facility chosen. The SUBCONTRACTOR shall certify in writing that all 
facilities satisfy or exceed the applicable code requirements. 

The SUBCONTRACTOR shall install the mobile facilities in the CONTRACTOR 
designated area, and shall not disturb areas outside these limits. Where feasible, flora on 
or adjacent to the area shall be preserved and protected from vehicular and pedestrian 
traffic. 

The SUBCONTRACTOR shall provide mobile facility tiedowns, lightning protection, 
and temporary electrical power (generator system as described above). 

C .  StorageArea 

The CONTRACI‘OR will also designate areas appropriate for material laydown and 
storage for the SUBCONTRACTOR’S use. 
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D. Appearance of Trailek ' ' 

I 

B 

1.06 

1.07 

D 

i 

Trailers utilized by the CONTRACTOR and SUBCONTRACTOR for administrative or 
material storage purposes shall present a clean and neat exterior appearance and shall be in 
a state of good repair- Trailers which, in the opinion of the CONTRACTOR that require 
exterior painting or maintenance will not be allowed on the RFETS property. 

The temporary facilities shall be prefabricated with aluminum steps, lockable entrances, 
operable windows. They shall be heated and air-conditioned, blocked and supported with 
skirting. Fire extinguishers shall be installed in walls on mounting bracketi; visible and 
accessible from the space being served; of classification, agent, and size required by 
location and class of fire exposure; and with signs mounted above. 

The temporary facilities shall be equipped with W A C  units capable of maintaining a 
, uniform indoor temperature of 68 to 75 degrees Fahrenheit, with individual space control. 

E. Maintenance of Storage Area 

Fencing shall be kept in a state of good repair and proper alignment. Should the 
SUBCONTRACTOR elect to traverse with construction equipment or other vehicles on 
grassed or unpaved areas which are not established roadways, such areas shall be covered 
with a layer of gravel as necessary to prevent rutting and the tracking of mud onto paved 
or established roadways; gravel gradation shall be at the SUBCONTRA(X0RS 
discretion. 

F. Security Provisions 

The SUBCONTRArnOR shall be responsible for the security of its own equipment, 
materials, and supplies. 

CLEANUP 

Construction debris, waste materials. packaging material and the like shall be removed from the 
work site daily. Any dirt or mud that is tracked onto paved or surfaced roadways shall be cleared 
away. Materials resulting from demolition activities which are salvageable shall be stored within 
the fenced area described above or at the supplemental storage area. Stored material not in trailers, 
whether new or salvaged, shall be neatly stacked when stored. SUBCONTRACTOR is responsible 
for collection and disposal of liquid and solid wastes. CONTRACTOR to provide general waste 
collection bin and disposal. SUBCONTRACTOR to provide size requirements. 

RESTORATION OF STORAGE AREA 

Upon completion of the project and after removal of trailers, materials, and equipment from within 
the fenced area, the fence shall be removed and disposed of at an appropriate off-site facility. 
Areas used by the SUBCONTRAmOR for the storage of equipment or material. or other use, 
shall be restored to the original or better condition. 

._ ;.' ***END OF SECTION*** 
1 
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SPEC-01700-0934 
EXECUTION REQUIREMENTS 

PART I - GENERAL 

1.1 

1.2 

i 
! 

1.3  

m 

RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary 
Conditions and other Division I Specification Sections, apply to this Section. 

SUMMARY 

A. This Section includes general procedural, requirements governing execution of the Work 
including, but not limited to, the following: 

1. Construction layout. 
2. Field engineering and surveying. 
3. General installation of products. 
4. Coordination of Contractor-installed products. 
S. Progress cleaning. 
6. Starting and adjusting. 
7. Protection of installed construction. 
8. Correction of the Work 

B. Related Sections include the following: 

1. Division 1 Section 01305: Submittal Procedures for submitting surveys. 

2. Division 1 Section 01702: Contract Closeout for submitting fmal property survey with 
Project Record Documents, recording of CONTRACTOR-accepted deviations from 
indicated design, and final cleaning. 

SUBMlTTALS 

A. Qualification Data: For professional land surveyor, QCSM. and CQA Engineer to 
demonstrate their capabilities and experience. Include lists ‘of completed projects with 
project names and addresses, names and addresses of architects and owners, and other 
information specified. 

Certificates: Submit certificate signed by professional land surveyor and engineer certifying 
that location and elevation of improvements comply with requirements. See OS & IH 
Program Manual h4AN-072-SO & III PM, 

B. 

C. Landfill Receipts: Submit copy of receipts issued by a landfill facility, licensed to accept 
hazardous materials, for hazardous waste disposal. 

D. Certified Surveys: Submit two copies signed by professional land surveyor. 
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1.4 QUALlTY ASSURANCE D 
A. Land Surveyor Qualifications: A professional land surveyor who is legally qualified to 

practice in Colorado and who is experienced in providing land-surveying services of the kind 
indicated. 

B. CQA Engineer: A professional engineer with demonsratable experience performing CQA 
duties on similar projects. 

PART 2 - PRODUCTS (Not Used) 

i PART 3 - EXECUTION 

3.1 

B 

B 

EXAMINATION 

A. 

B.. 

c. 

Existing Conditions: The existence and location of site improvements, utilities, and other 
construction indicated as existing are not guaranteed. Before beginning work, investigate 
and verify the existence and location of mechanical and electrical systems and other 
construction affecting the Work. 

1. Before construction, verify the location and points of connection of utility services. 

Existing Utilities: The existence and -location of underground and other utilities and 
construction indicated as existing are not guaranteed. Before beginning sitework, investigate 
and verify the existence and location of underground utilities and other construction 
affecting the Work. 

1. Before construction, verify the location and invert elevation at points of connection of 
sanitary sewer, storm sewer, and water-service piping; and underground electrical 
services. 

2. Furnish location data for work related to Project that must be performed by RFETS 
utilities serving Project site. 

Acceptance of Conditions: Examine substrates, areas and conditions, with Installer or 
Applicator present where indicated, for compliance with requirements for installation 
tolerances and other conditions affecting performance. Record observations. 

1. Written Report: Where a written report listing conditions detrimental to performance of 
the Work is required by other Sections, include the following: 

a. Description of the Work. 
b. 
c. 

__L 

List of detrimental conditions, including substrates. 
List of unacceptable installation tolerances. 

a d. Recommended corrections. 

2. Verify compatibility with and suitability of substrates, including compatibility with . .  .-I 
existing finishes or primers. 
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3. Examine roughing-in for mechanical and electrical systems to verify actual locations of 
connections before equipment and fixture installation. 

4. Proceed with installation only after unsatisfactory conditions have been corrected. 
Proceeding with the Work indicates acceptance of surfaces and conditions. 

3.2 PREPARATION 

A. 

B. 

C. 

D. 

E. 

Existing Utility Information: Furnish information to CONTRACTOR that is necessary to 
adjust, move, or relocate existing utility structures, utility poles, lines, services, or other 
utility appurtenances located in or affected by construction. Coordinate with authorities 
having jurisdiction. 

Existing Utility Interruptions: Do not interrupt utilities serving facilities occupied by 
Contractor unless as permitted under the following conditions and then only after arranging 
to provide temporary utility services according to requirements indicated: - 

1 .  Notify Contractor not less than two days in advance of proposed utility interruptions. 

2. Do not proceed with utility interruptions without CONTRACTOR’S written permission. 

Field Measurements: Take field measurements as required to fit the Work properly. 
Recheck measurements before installing each product. Where portions of the Work are 
indicated to fit to other construction, verify dimensions of other construction by field 
measurements before fabrication. Coordinate fabrication schedule with construction 
progress to avoid delaying the Work. 

Space Requirements: Verify space requirements and dimensions of items shown 
diagrammatically on Diawings. 

Review of Contract Documents and Field Conditions: Immediately on discovery of the need 
for clarification of the Contract Documents, submit a “Request for Information” to the 
Construction Coordinator. Include a detailed description of problem encountered, together 
with recommendations for changing the Contract Documents. A letter should be sent to the 
Contract Administrator to address contract changes as required. 

3.3 CONSTRUCTION LAYOUT 

A. Coordination: Construction, control, property and topographic surveys shall be coordinated 
with the CONTRACTOR’S Site Surveyor. 

B. Verification: Before proceeding to lay out the Work, verify layout information shown on 
Drawings, in relation to the-property survey and existing benchmarks. If discrepancies are 
discovered, notify CONTRACTOR (Site Surveyor, DA and CM) promptly. . 

C. General: Engage a professional land surveyor to lay out the Work using accepted surveying 
practices and in accordance with RFETS Engineering Standard Number SC-207. 
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i 
. .  

3 -4 

D 

1. Gtablish benchmarks and control points to set lines and levels for each phase of 
construction and elsewhere as needed to locate each e lewnt  of Project. 

2. Establish, dimensions within tolerances indicated. 
required dimensions . 

Do not scale Drawings to obtain 

3. Inform installers of lines and levels to which they must comply. 

4. Notify Contractor (DA and CM) when deviations from required lines and 1evels.exceed 
allowable tolerances. 
. .  

D. Site Improvements: Locate and lay out site improvements, including grading, fill, 
geosynthetic compounds, and soil placement, utility slopes, and invert elevations. 

E. Record Log: Maintain a log of layout control work. Record deviations from required lines 
and levels. Include beginning and ending dates and times of surveys, weather conditions, 
name and duty of each survey party member, and types of instruments and tapes used. 
Submit the log to the Contractor for control of documentation. 

FIELDENGINEERING 

A. Identification: Contractor will identify existing benchmarks, control points, and property 
comers. . .  

B. Reference Points: Locate existing permanent benchmarks. control points, and similar 
reference points before beginning the Work. Preserve and protect permanent benchmarks 
and control points during construction operations. 

1. Do not change or relocate existing benchmarks or control points without prior written 
approval of CONTRACTOR. Report lost or destroyed permanent benchmarks or control 
points promptly. Report the need to relocate permanent benchmarks or control points to 
CONTRACTOR before proceeding. 

2. Replace lost or destroyed permanent benchmarks and control points promptly at the 
direction of the Site Surveyor. Base replacements on the original survey control points. 

C. Benchmarks: Establish and maintain permanent benchmarks in accordance with SC-207 . 
referenced to data established by existing control points. Comply with Site Surveyor for 
type and size of benchmark. 

1. 

2. 

3. 

Record benchmark locations, with horizontal and vertical data, on Project Record 
Documents. 

Where the actual location or elevation of layout points cannot be marked, provide 
temporary reference points sufficient to locate the Work. 

Remove temporary reference points when no longer needed. Restore marked 
construction to its original condition. 
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4. Submit legible level notes and calculations to CONTRAmOR’S Site Design Document 
Control organization with. a RFETS Calculation Cover Sheet, 

D. Certified Survey: On completion of major site improvements, and other work requiring 
fieldengineering services, prepare a certified survey showing dimensions, locations, angles, 
and elevations of construction and sitework. 

E. Final Property Survey: Prepare a final property survey showing significant features for 
Project. Include on the survey a certification. signed by a professional land surveyor, that in 
principle meets, bounds, lines, and levels of Project are accurately positioned as shown on 
the survey. 

1. Show boundary lines, monuments. streets, site improvements and utilities, existing 
improvements and significant vegetation, adjoining properties, acreage, grade contours, 
and the distance and bearing from a site comer to a legal point. 

2. Recording: At Substantial Completion, submit final property survey drawings to 
Contractor in accordance with SC-207. 

3.5 INSTALLATION 

A. General: Locate the Work and components of the Work accurately, in correct alignment and 
elevation, as indicated. 

1. Make vertical work plumb and make horizontal work level. 

2. Where space is limited, install components to maximize space available for maintenance 
and ease of removal for replacement. 

3. Conceal pipes, ducts. and wiring in finished areas, unless otherwise indicated. 

B. Comply with manufacturer’s written instructions and recommendations for installing 
products in applications indicated. 

C. Install products at the time and under conditions that will ensure the best possible results. 
Maintain conditions required for product performance until Substantial Completion. 

D. Conduct construction operations so no part of the Work is subjected to damaging operations 
or loading in excess of that expected during normal coDditions of occupancy. 

Tools and Equipment: Do not use tools or equipment that produce harmful noise levels. 

Anchors and Fasteamd’rovide anchors and fasteners as required to anchor each component 
securely in place, accurately located, and aligned with other portions of the Work. 

E. 

F. - 

G. Joints: Make joints of uniform width. Where joint locations in exposed work are not 
indicated, arrange joints for the best visual effect. Fit exposed connections together to form 
hairline joints. 
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b 
3.6 

3.7 

H. Hazardous Materials, Use products, cleaners, and installation materials that are not 
considered hazardous. For any materials that are hazardous, submit Material Safety Data 
Sheets to Contractor, prior to bringing them to RFJZI'S. 

CONTRACTOR - INSTALLED PRODUCTS 

A. 

B. 

Site Access: Provide access lo Project site for CONTRACTOR'S construction forces. 

Coordination: Coordinate construction and operations of the Work with work performed by 
CONTRACTOR'S construction forces. 

1. Construction Schedule: Inform CONTRACTOR of SUBCONTRACTORS preferred 
construction schedule for SUBCONTRACTOR'S portion of the Work. Adjust 
construction schedule based on a mutually agreeable timetable. Noti6 CONTRACTOR 
if changes to schedule are required due to differences in actual construction progress. 

2. Preinstallation Conferences: Include CONTRACTORS construction forces at 
preinstallation conferences covering portions of the Work that are to receive 
CONTRACTORS work. Attend preinstallation conferences conducted by 
CONTRACTOR'S construction forces if portions of the Work depend on 
CONTRACTOR'S construction. 

PROGRESS CLEANING 

A. General: Clean Project site and work areas daily, including common areas. Coordinate 
progress cleaning for joint-use areas where more than one installer has worked. Enforce 
requirements strictly. Dispose of materials lawfully and as directed by the Construction 
Coordinator. 

1. Comply with requirements in NFPA 241 for removal of combustible waste materials and 
debris. 

2. Do not hold materials more than 7 days during normal weather or 3 days if the 
temperature is expected to rise above 80 deg F. 

3. Containerize hazardous and unsanitary waste materials separately from other waste. 
Mark containers appropriately and dispose of legally, in accordance with Division I 
Section 01350: Special Procedures - Material and Waste Handling. 

B. Site: Maintain Project site free of waste materials and debris. Refer to OSHA 29CFR part 
1926. 

C. Work Areas: Clean areas where work is in progress to the level of cleanliness necessary for 
proper execution of the Work. 

1. Remove liquid spills promptly. 

2. Where dust would impair proper execution of the Work, broomclean or vacuum the 

oftheCTR. . 
entire work area, as appropriate or develop dust abatement procedures under the approval - i 



3.8 

3.9 

D. 

E. 

F. 

G. 

H. 

I. 

J. 

Installed Work: Keep installed work clean. Clean installed surfaces according to written 
instructions of manufacturer or fabricator of product installed, using only cleaning materials 
specifically recommended. If specific cleaning materials are not recommended, use cleaning 
materials that are not hazardous to health or property and that will not damage exposed 
surfaces. 

Concealed Spaces: Remove debris from concealed 'spaces before enclosing the space. 

Exposed Surfaces: Clean exposed surfaces and protect as necessary to ensure freedom from 
damage and deterioration at time of Substantial Completion. 

Waste Disposal: Burying or burning waste materials on-site will not be permitted. Wkshing 
waste materials down sewers or into waterways will not be permitted. 

1 

I 

1. During handling and installation, clean and protect construction in progress and 
adjoining materials already in place. Apply protective covering where required to ensure 
protection from damage or deterioration at Substantial Completion. 

Clean and provide maintenance on completed construction as frequently as necessary 
through the remainder of the construction period. Adjust and lubricate operable components 
to ensure operability without damaging effects. 

Limiting Exposures: Supervise construction operations to assure that no part of the 
construction. completed or in progress, is subject to harraful, dangerous, damaging, or 
otherwise deleterious exposure during the construction period. 

Cutting and Patching: Clean areas where cutting and patching are performed. 

PROTECTION OF INSTALLED CONSTRUCTION 

A. Provide final protection and maintain conditions that ensure installed Work is without 
damage or deterioration at time of Substantial Completion. 

B. Comply with manufacturer's written instructions for temperature and relative humidity. 

CORRECI'ION OF THE WORK 

A. Repair or remove and replace defective construction. 
finishes. 

Restore damaged substrates and 

1. Repairing includes replacing defective parts, and refinishing damaged surfaces. 

Restore permanent facilities used during construction to their specified condition. B. 

***END OF SECTION*** 
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SPEC-01702-0935 
CONTRACT CLOSEOUT 

PART1 GENERAL 

1-01 SUMMARY 

This section covers the activities necessary to close out the contract. 

1.02 GENERAL REQUIREMENTS 

\ A. Work Activities 

Work activities for contract closeout shall include the. following: 

1. Decontamination and removal from site of all SUBCONTRACTOR equipment 
and materials within the Construction Zone. 

2. Collection and disposal of all SUBCONTRACTOR-generated contaminated 
materials and equipment for which decontamination is inappropriate. 

3. Decontamination of site-dedicated equipment and facilities operated by the 
CONTRACTOR and removal from site of same. 

4. 

5. 

Disconnection and removal of temporary utilities from site. 

Removal of support area facilities. 

6. Repairheconditioning of road ways. 

PART 2 PRODUCTS (Not Applicable) 

PART 3 %XECUTION 

3.01 DECONTAMINATION 

All facilities. equipment, and materials that may have been used during construction shall be 
cleaned in accordance with the procedures described in Section 01900: MATERIAL, VEMCLE 
AND EQUIPMENT CLEANING and in accordance with the Field Implementation Plan Work 
Control Document prior to final removal. 

3.02 UTILITE3 

Temporary facilities and outdoor lighting fixtures required during the construction period shall be 
disconnected at the source and removed from the site. 
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3.04 OPERATIONS AREA B 
All equipment and facilities used for closure activities shall be thoroughly cleaned pnor to site 
closeout . 

3.05 WASHUNITS 

Wash units shall be the final equipment removed from the site. 

._. 
. .  . .  

- . . . . . . 

***END OF SECTION*** 
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SPEC-01720-0936 
PROJECT RECORD DOCUMENTS 

PART1 GENERAL 

1-01 SUMMARY 

Maintain at site one record copy of: 

A. Drawings and Specifications. 

i B. P r o j e c t ~ a n u d .  
\ 

C. Addenda. 

D. 

E. 

F. Approved submittals. 

G. Field test records. 

H. Construction photographs. 

Change orders and other modifications to Contract. 

CONTRACTOR field orders, written instructions. or clarifications. 

I. Associated permits. 

J. Certificates of inspection and approvals. 

1.02 SUBMlTTALs 

A. General 

At Substantial Completion: 

.. 

Deliver one set of as-built construction Drawings and Specifications to CONTRACTOR 
for use in preparation of the construction project record file. At a minimum, as-built 
drawings must include: 

1 - 

2. Top of subgrade surface. 

3. Gas system alignments. 

Top of regrade surface. 

4. Geosynthetic panel layout and sample locations. 

1 
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5- Top of 10-inch cushion layer. 

6. Anchor trench alignment. 

7. . Top of r&k layer. 

8. Top of final cover surface. 

9. Perimeter channel with slope and width. 

10. Diversion berm toe of slope. 

1 1 i Seep treatment system layout. 

12. Final project completion site topographic map. 

Each of th&e drawings represents a hold point for approval and release prior to the 
commencement of the next phase of construction. 

B. Transmittal Letters 

. .  
Accompany submittals with transmittal letter containing following: . .  

1. Date. 

2. Project title &d number. 

3. SUBCONTRACTOR'S name and address. 

4. Title of record document. 

5 .  Signature of SUBCONTRACTOR or authorized representative. 

PART 2 PRODUCTS (Not Applicable) 

PART3 EXECUTION 

3.01 MAINTENANCE OF DOCUMENTS AND SAMPLES 

A. General 

Maintain documents in clean, dry, legible condition and in good order. Do not use record 
documents for construction purposes. Make documents and samples available for 
inspection by CONTRACTOR. Failure to properly maintain record documents may be 
reason to delay a portion of progress payments until records comply with Contract 
Documents. 
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3.02 

B. Storage 

Store documents and samples in SUBCONTRACTORS field ofice apart from documents 
j used for construction. 

1. 

2. 

Provide files and racks for storage of documents. 

Provide secure storage space for storage of samples. 

RECORD DOCUMENTS 

A. Labeling . .  

Label each document ”PROJECT RECORD” in neat, large printed letters. 

B. Alterations 

Maintain record set of Drawings and Specifications legibly annotated to show all changes 
made during construction. 

. .  

1. Graphically depict changes by modifying or adding to plans, details, or sections. 
Changes in horizontal location and associated elevations shall be transmitted to 
the CONTRACXOR via the survey data; however, obvious changes to the plans 
shall be noted on the Drawings with reference to survey data providing more 
precise in forma tion. 

2. Make changes on each sheet affected by changes. 

3. Do not conceal Work until required information is recorded. 

4. Record changes made by Written Amendment, Field Order, Change Order or 
Work Directive Change. 

C Drawings 

1: General 

a. Horizontal and vertical locations of underground utilities and 
appurtenances, referenced to permanent surface improvements. 

Location of utilities and appurtenances concealed in construction, 
referenced to visible and accessible features of structure. 

b. 

C. Field changes. 

d. Details not on original Drawings. 

2. Specifications ’ 

a. Mark Specification sections to show substantial variations in actual Work 
performed in comparison with test of Specifications and modifications. 
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Give particular attention to substitutions, selection of options and similar 
information on elements that are concealed or cannot otherwise be readily 
discerned later by direct observation. 

Note related record drawing information and Product Data. b. 

-- . .  ................... .. . ... . . - - - .  - 

***END OF SECTION*** 
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SPEC-01722-0937 ' 

FIELD ENGINEERING 

PART 1 GENERAL 

1-01 

A. 

.I 
1.02 

A. 

B. 

c- 

1.03 

A. 

B. 

C. 

, D. 

-- .. , , 

e E. 

SUMMARY 

All survey control work will be performed by the SUBCONTRACTOR. SUBCONTRACTOR 
shall notify DESIGNER at least 3 working days prior to start of work and when making periodic 
requests for line and grade stake changes. SUBCONTRACTOR shall choose which type of 
surveying equipment to use (GPS, Total Station, etc.). AI1 surveys will be performed under the 
direction of a Licensed Surveyor in the State of Colorado and in accordance with all applicable 
surveying codes. 

PRIMARY CONTROL MONUMENT 

Bench marks, monuments or references provided by CONTRACTOR to establish primary 
vertical control for Work are indicated on Drawing 51781-004. Each monument will be 
assigned 3rd order Rocky Flats coordinate system coordinates and USGS mean sea level 
elevations. 

Protect and maintain primary control monuments shown on Drawings throughout Project area. 

If marked comers and monuments are damaged by SUBCONTRACTOR. replace by Registered 
Land Surveyor at SUBCONTRAaORS expense. 

PRIMARY LINEANDGRADE 

Primary line and grade will be provided by CTR and established by SUBCONTRACTOR by 
means of stakes placed at site of Work. 

Stakes for construction will be set: 

1. 
2 At changes in grade. 
3. 

Stakes for excavation and embankment will be set: 

1. Parallel to toe of slope at 50 ft intervals. 
2. Offset to best serve SUBCONTRAaOR. 

Stakes for roads will be set: 

50 ft x 50 ft grid lines over Project Site. 

Offset to best serve SUBCONTRACTOR. 

SUBCONTRACTOR shall: 

1 - 
2. 

Provide assistance as required. 
Arrange operations to avoid interference with establishment of primary lines and grades. 
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*- 3. Check accuracy of line' and grade by visual inspection. checks between stakes, and 
periodic checks (with surveying equipment) between primary control monuments and 
stakes. 
Protect and preserve stakes. Restaking will be done by SUBCONTRAaOR at 
SUBCONTRACTORS expense. 

4. 

1.04 CONSTRUCTlON LINE AND GRADE 

A. Transfer construction lines and grades from primary line and grade points. 

PART 2 PRODUCTS 

(Not used) 

PART 3 EXECUTION 

(Not used) 

***END OF SECTION*** 
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SPEC-01820-0938 
DEMONSTRATION AND TRAINING 

PA-RT I - GENERAL 

1.1 

1.2 

1.3 

RELAlZDDOCWENTS 

A. Drawings and general provisions- of the Contract, including General and Supplementary 
Conditions and other Division I Specification Sections, apply to this Section. 

SUMMARY 

A. This Section includes administrative and procedural requirements for instructing Owner’s 
personnel, including the following: 

1. Demonstrat&$ of operation of systems, subsystems, and equipment. 
2. Training in operation and maintenance of systems, subsystems, and equipment. 

B. Related Sections include the following: 

1. Section 1190: Progress Meetings for requirements for preinstruction conferences. 

C. Unit Price for Instruction Time: Length of instruction time will be measured by actual time 
spent performing demonstration and training in required location. No payment will be made 
for time spent assembling educational materials, setting up, or cleaning up. 

SUBMITTALS 

A. Instruction Program: Submit two copies of outline of instructional program for 
demonstration and training, including a schedule of proposed dates, times, length of 
instruction time, and instructors’ names for each training module. Include learning objective 
and outline for each training module. 

1. At completion of training, submit one complete training manual[s] for Contractor’s use. 

€3. Qualification Data: For firms and persons specified in “Quality Assuraace” Article to 
demonstrate their capabilities and experience. Include lists of completed projects with 
project names and addresses, names and addresses of architects and owners, and other 
information specified. 

C. Attendance Record: For each training module, submit list of participants and length of 
instruction time. 

D. Evaluations: For each participant and for each training module, submit results and 
documentation of performance-based test. 

E. Demonstration and Training Videotape: Submit two copies at end of each training module. 
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1.4 QUALITYASSURANCE 
I 

A. Facilitator Qualifications: A firm or individual experienced in training or educating 
construction personnel in a training program similar in content and extent to that indicated 
for this Project, and whose work has resulted in training or education with a record of 
successful learning performance. 

B. Instructor Qualifications: A factory-authorized service representative, complying with 
requirements in Section 1440: Contractor Quality Control, experienced in operation and 
maintenance procedures and uaining. 

C. Preinstruction Conference: Conduct conference at Project site to comply with requirkments 
in Section 1190 Progress Meetings. Review methods and procedures relgted to 
demonstration and training including, but not limited to, the following: 

1. Inspect and discuss locations and other facilities required for instruction. 
2. Review and finalize instruction schedule and verify availability of educational materials, 

instructors personnel, audiovisual equipment, and facilities needed to avoid delays. 
3. Review required content of instruction. 
4. For instruction that must occur outside, review weather and forecasted weather 

conditions and procedures to follow if conditions are unfavorable. 

1.5 COORDINATION 

A. Coordinate instruction schedule with Contractor's operations. Adjust schedule as required to 
minimize disrupting Contractor's operations. 

B. Coordinate instructors, including providing notification of dates, times, length of instruction 
time, and course content. 

C. Coordinate content of training modules with content of approved emergency, operation, and 
maintenance manuals. Do not submit instruction program until operation and maintenance 
data has been reviewed and approved by Contractor (DA). 

PART 2 - PRODUCI'S 

2.1 INSTRUCIION PROGRAM 

A. Program Structure: Develop an instruction program that includes individual training modules 
for each system and equipment not part of a system, as required by individual Specification 
Sections, and as follows: 

1 .  Equipment, including earth moving equipment and geosynthetic installation equipment. 
2. Laboratory equipment, including laboratory [air] [and] [vacuum] equipment and piping. 
3. Electrical service and distribution, including [transformers] [switchboards] 

[panelboards] [uninterruptible power supplies] [and] [motor controls]. 
4. Packaged engine generators, including transfer switches. 
5. Lighting equipment and controls. 
6. Communication systems, including [intercommunication) [surveillance] [clocks and 

programming] [and] [voice and data] equipment. 

e 
-J 
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B. Training Modules: Develop a learning objective and teaching outline for each module. 
Include a description of specific skills and knowledge that participant is expected to master. 
For each module, include instruction for the following: 

1. Basis of System Design, Operational Requirements, and Criteria: Include the following: 

a. System, subsystem, and equipment descriptions. 
b. Pdormance and design criteria. 
c. Operating standards. 
d. Regulatory requirements. 
e. Equipment function. 
f. Operating characteristics. 
g. Limiting conditions. 
h. Performance curves. 

2. Documentation: Review the following items in detail: 

a. Emergency manuals. 
b. Operations manuals. 
c. Maintenance manuals. 
d. Project Record Documents. 
e. Identification systems. 
f. Warranties. 
g. Maintenance service agreements and similar continuing commitments. .. 

3. Emergencies: Include the following. as applicable: 

a. Instructions on meaning of warnings, trouble indications, and error messages. 
b. Instructions on stopping. 
c. Shutdown instructions for each type of emergency. 
d. Operating instructions for conditions outside of normal operating limits. 
e. Sequences for electric or electronic systems. 
f. Special operating instructions and procedures. 

4. Operations: Include the following, as applicable: 

a. 
b. 

d. 
e. 
f. 
g. 
h. 

C. 

1. 

Startup procedures. 
Equipment or system break-in procedures. 
Routine and normal operating instructions. 
Regulation and control procedures. 
Control sequences. 
Safety procedures. 
Instructions on stopping. 
Normal shutdown instructions. 
Operating procedures for emergencies. 

j. Operating procedures for system, subsystem, or equipment failure. 
k. Seasonal and weekend operating instructions. 
1. Required sequences for electric or electronic systems. 
m Special operating instructions and procedures. 
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5. Adjustments: Include the following: 1 .  p, . . .  

a. Alignments. 
b. Checking adjustments. 
c. Noise and vibration adjustments. 
d. Economy and efficiency adjustments. 

6- Troublesho@ing: Include the following: 

a. Diagnostic instructions. 
b. Test and inspection procedures. 

7. Maintenance: Include the following: 

3.1 

3.2 

: 

l 

a. 
b. 

d. 
e. 
f. 
g- 
h. 

C. 

Inspection procedures. 
Types of cleaning agents to be used and methods of cleaning. 
List of cleaning agents and methods of cleaning detrimental to product. 
Procedures for routine cleaning. 
Procedures for preventive maintenance. 
Procedures for routine maintenance. 
Instruction on use of special tools. 
Lockout / tagout worker training. 

8. Repairs: Include the following: 

a. Diagnosis instructions. 
b. Repair instructions. 
c. Disassembly; component removal, repair, and replacement; and reassembly 

instructions. 
d. Instructions for identiQing parts and components. 
e. Review of spare parts needed for operation and maintenance. 

PART 3 - EXECUTION 

PREPARATION 

A. Assemble educational materials necessary for instruction, including documentation and 
training module. Assemble training modules into a combined training manual. 

B. Set up instructional equipment at instruction location. 

INSTRUCIION . 

A. Facilitator: Engage a qualified facilitator to prepare instruction program and training 
modules, to coordinate instructors, and to coordinate between Subcontractor and Contractor 
for number of participants, instruction times, and location. 

B. Engage qualified instructors to instruct Contractor's personnel to adjust, operate, and 
3 

P maintain systems, subsystems, and equipment not part of a system. 
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1. Contractor @A) will furnish an instructor to describe basis of system design, operational 
requirements, criteria, and regulatory requirements. 

2. Contractor will furnish an instructor to describe Contractor's operational philosophy. 
3. Contractor will furnish Subcontractor with names and positions of participants. 

C. Scheduling: Provide instruction at mutually agreed on times. For equipment that requires 
seasonal operation provide instruction to simulate the start of each season. 

1. Schedule training with Contractor (CC), with at least seven days advance notice. 

D. Evaluation: At conclusion of each training module, assess and document each participant's 
mastery of module by use of an oral and/or a demonstration performance-based test. 

i 

***END OF SECTION*** 
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SPEC-019OO-0939 
MATERIAL, VEHICLE, AND EQUIPMENT CLEANING 

PART1 GENERAL 

1.01 GENERAL REQUIREMENTS 

Prior to introduction of personnel or equipment into the work area, the SUBCONTRACTOR shall 
provide a pad for cleaning of equipment, vehicles, and personnel. A detailed drawing of the pad is 
to be provided as an attachment to the Field Implementation Plan (r;rp) Work Control Document 
(as described under Section 3.2 of the Contract Statement of Work). The SUBCONTRACTQR 
shall submit a plan for maintaining the pad, and the proposed pad location to the CONTRAVOR 
as an item within the FIP. The intent of the cleaning pad is to wash dirt and mud off of tires and 
equipment so as not to track mud and dirt across RFETS site roads. 

PART 2 PRODUCTS 

The cleaning pad must, at a minimum, be of an appropriate size to accommodate vehicles and 
equipment, be capable of supporting the weight of heavy equipment and fully loaded vehicles 
leaving the construction site, and be constructed to drain to a point from which rinsate and 
soliddsediments from cleaning can be collected. The pad and sump shall be constructed to 
accommodate a 25-year recurrence interval, 24-hour duration rainfall without overfilling. The pad 
shall be constructed of a durable leak proof material capable of containing all wash and rinse water 
anticipated for each wash event. 

PART3 EXECUTION 

3.01 MOBILIZATION A(XWITD3 

Mobilization activities will include preparation of the cleaning pad staging area and leak testing 
the cleaning system. The area to receive the cleaning pad will be graded with a slight slope to one 
comer of the pad. This will allow for complete drainage and collection of all wash water. A 
portable pump s h d  be used to transfer fluids from the cleaning pad to a temporary storage tank for 
use as dust control water within the landfdl waste boundary. Following placement of the pad and 
connection of all hoses or piping, the integrity of the system will be tested by filling the cleaning 
pad with clean water, and operating the transfer pump. 

The cleaning pad will be filled to near capacity and the water level will then be marked. After this, 
the pad will be left undisturbed for a period of at least 3 hours. Following this 3-hour period, the 
water level will be checked and compared to the filled water level mark, and the ground surface 
immediately adjacent to the cleaning pad will be visually inspected for any signs of leakage. If the 
water level has remained constant (evaporation may have to be considered), no signs of leakage 
observed, testing of the transfer system will be performed. Testing of the transfer system will 
consist of starting the transfer pump and checking all fittings, hoses, and piping for any signs of 
leakage. The clean water from the cleaning pad will be pumped directly into the storage tank. 
Once all fluid has been transferred, the water level’in the storage tank will be marked and the 
storage tank will be left undisturbed for a period of at least 3 hours. Following this three-hour 
period, the water level will be checked and compared to the filed water level mark, and the ground 
surface immediately adjacent to the storage tank will be visually inspected for any signs of 
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leakage. A n y  leaks or deficiencies in the system as identified by the CTR will be promptly fixed 
by the SUBCONTRACTOR. The system will be tested again to insure the proper repairs have 
been made prior to use. B 

3.02 CLEANING 

Wash water from the cleaning pad shall be collected and disposed of as stated in Section 02720: 
CONTAMINATED LIQUIDS REMOVAL. 

Solids from the cleaning pad shall be collected and disposed into the landfill footprint. 

Any spill or release of materials from the cleaning pad is the responsibility of the 
SUBCONTRACTOR. This includes costs associated with containment and cleanup of spills, 
disposal of materials, and any fines or penalties related to the spill/release. 

The pad shall also be used to clean the tires of vehicles leaving the site, if needed. 
\ 

3.03 PAD DEMOBILIZATION 

The pad shall be removed upon completion of the project as directed by the CONTRACTOR, and 
will be disposed of according to Section 01350: SPECIAL PROCEDURES - MATERIALS AND 
WASTE HANDLING. 

***END OF SECTION*** 

_ - .  
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SPEC-021 10-0940 
SITE PREPARATION 

PART1 GENERAL 

1.01 

I 

1.02 

1.03 

1-04 

SUMMARY 

Section Includes: 

A. Protection. 

B. Preparation. 

C. Clearing and grubbing. 

D. Restoration. 

DEFINITIONS 

. .. .. . - _ _  - .- 

A. Structures and Surface Features 

Existing structures and surface features including buildings, pavements, curb and gutter, 
signs, posts. fences, trees, shrubs, landscaped surface features, and other miscellaneous 
items. 

B. Utilities 

Existing gas mains, water mains, steam lines, electric lines and conduits, telephone and 
other communication lines, pole, and conduits, sewer pipe, cable television, other utilities, 
and appurtenances. 

C. Clearing and Grubbing 

Cutting and disposing of trees, brush, windfalls, logs, grasses, and other vegetation, and 
removing aod disposing of roots, stumps, stubs, grubs. logs, and other timber. 

PROJECT/SITE CONDITIONS 

Do not block or obstmct roads or streets with excavated or grubbed materials, except as authorized 
by the CONTRACTOR. 

CONSTRUCTION QUALITY ASSURANCXYQUALITY CONTROL (QMQC) 

The SUBCONTRACTOR shall abide by all qualification and submittal requirements of the 
Construction QNQC plan. 

Work will be monitored and tested in accordance with the requirements of the QNQC plan. 

The SUBCONTRACTOR shall be aware of all activities outlined in the Q N Q C  plan, and the 
SUBCONTRACTOR shall account for these activities in the construction schedule. No additional 
cost to the CONTRACTOR shall be allowed by the SUBCONTRACTOR as a result of the 
performance of the QNQC activities. 
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PART 2 -PRODUCTS (Not Applicable) 

D 
PART 3 EXECUTION 

3.01 . PROTECTION 

Existing utilities shall be protected against damage. Rocky Flats personnel shall be contacted by 
the CONTRACTOR for marking (or verifying) utility locations before beginning excavation. If 
excavation work is being performed within the immediate area (10 feet) of existing buried utilities, 
existing underground utilities shall be located by hand excavation. If uncharted utilities are 
encountered during excavation, stop work in the immediate area or as appropriate and notify 
CON"R4CTOR and the appropriate utility provider. Damaged utilities shall be repaired at the 
SUBC0NTIWCM)R'S expense. 

The SUBCONTRAnOR shall preserve and protect groundwater-monitoring wells. Damaged or 
destroyed monitoring wells shall be replaced at SUBCONTRACTOR'S expense. The 
SUBCONTRACTOR shall protect, support, and maintain conduits, wires, pipes or other utilities 
that are to remain in place during work. 

i 

3.02 PREPARATION 

The SUBCONTRA(T0R shall provide 3 working days notice, prior to beginning construction. to 
owners of existing utilities, structures, and surface features. Obsbuctions such as fences, culverts, 
end walls, and guard posts shall be removed and replaced when need for removal is completed. 
The SUBCONTRACTOR shall provide stormwater discharge and erosion control. 

N 

3.03 CLEARING A N D  GRUBBING 
D 

The SUBCONTRA(T0R shall close mow all areas where grade within the landfill waste 
boundary is to be razed of shrubs, trees, stumps, vegetation, rubbish. and other perishable or 
objectionable matter. Stumps and associated roots shall be removed. Material resulting from the 
mowing operation shall be removed from the project site. Place any cleared material at the 
location specified by the CONTRACTOR. For areas to be cleared that are outside the landfill 
waste boundary all vegetative materials shall be removed and the r k l t i n g  soil surface scarified to 
a depth of 6 inches. Material scraped from these areas shall be removed from the project sites. 

3.04 RESTORATION 

Existing utilities. surface features, and structures shall be restored to condition equal to condition 
which existed prior to construction. Damaged landscape work within and outside of construction 
limits shall be replaced to original condition or better in accordance with Section 02900: 
SEEDING. 

***END OF SECTION*** 
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PART 1 - GENERAL 

1.01 

I i 

1.02 

1.03 .. 

SPEC-02200-0941 
GEOTECHNXCAL TESTING 

SUMMARY - 

A. Specifications and guidelines for the geotechnical testing of the soils to be used during 
construction. Soils to be tested include: 

I. Rocky Flats Alluvial 
I. 

I. Foundation soil (under geosynthetics) 
Cushion soil (under rock layer) 

All activities performed by the SUBCONTRACI'OR shall be in accordance with all 
applicable Federal, State, and local laws and regulations. 

REFERENCES 

A. American Society for Testing and Materials (ASTM) 
1.  D 422 Standard Test Method for Particle Size Analysis of Soils 
2. D 698 Standard Test Methods for Laboratory Compaction Characteristics of Soil Using 

Standard Effort (standard Proctor) , 

3. D 854 Specific Gravity of Soils 
4. D 2216 Standard Test Method for Laboratory Determination of Water (Moisture) Content 

of Soil and Rock by Mass 
5. D 2435 Standard Test Method for One-Dimensional Consolidation Properties of Soils 
6. D 2487 Standard Classification of Soils for Engineering Purposes (Unified Soil 

Classification System) 
7. D 4318B Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of 

Soils (Atterberg Limits) 
8. D 4767 Standard Test Method for Consolidated Undrained Triaxial Compression Test for 

Cohesive Soils (with pore pressure measurements) 

1. US.  EPA (2002), Technical Guidonce for RCWCERCLA Final Covers. 
2. U S .  EPA (1993), Technical Guidance Document, Quality Assurance d Quality 

Control for Waste Cortfainment Faciliries EPA/600/R-93/182. 
3. R.M. Koerner, 1999, Designing with Geosynthetics. 

B. Relevant Publications 

DEFINlTIONS 

A. CONTRACTOR - Kaiser-Hill Company, L.L.C. 

B. CIX - Contractor Technical Representative . 

C.  Geotechnical Laboratory (TESTING LABORATORY)- Party, independent from the 
MANUFACIIJRER. responsible for conducting laboratory tests on samples prior to 
construction, usually under the direction of the SUBCONTRACTOR. TESTING 
LABORATORY must have a radioactive material license if a borrow area within RFETS is 
selected. 
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D. SUBCONTRACTOR - Company awarded contract for construction activities. 

1.04 SUBMI'ITALS 
D 

A. Prior to and after testing: 

I. 

2. 

3. 

~ - 
Information from the selected quarry or borrow area for the Rocky Flats Alluvial. 
At a minimum, location, size, and any geotechnical data if available. 
Information from the selected quarry or borrow area for the cushion and foundation 
soils. At a minimum, location, size and any geotechnical data if available. 
TESTING.LABORATORY results for the tests described in Part 3.03. Submit a 
minimum of one month prior to construction. 

I 

€3. Submit in accordance with Section 01305: S U B m A L  PROCEDURES. 

.. . _  . .  

PART.2 -'PRODUCTS 

A. Rocky Flats Alluvial Soil 
Soil as defined in Section 02221, anG characterized in conformance with Section 02200. 

B. Cushion Soil 
Soil as defrned in Section 02221. and characterized in conformance with Section 02200. 

C. Foundation Soil \ B Soil as defined in Section 02221. and characterized in conformance with Section 02200. 

PART 3 - EXECUTION 
3.01 

3.02 

3.03 

SUBMIT MATERIALS TO TESTING LABORATORY 

A. Upon consultation with the CTR, submit samples from quarry or borrow area to . 
characterize the material. If borrow area is within the RFETS, coordinate sampling effort 
with CONTRACTOR. 

SUBMIT TEST SPEclFICATIONS TO TESTING LABORATORY 

A. Specify 95% standard Proctor for consolidation and shear testing. 

B. Specify shear tests to be conducted at three normal stresses of 3 pounds per square inch 
(psi), 6 psi, and 9 psi or as otherwise directed by the CTR. 

GEOTECHNICAL TESTS 

A. TESTING LABORATORY to conduct the following tests under conditions outlined in 
Section 3.03 for Rocky FIats Alluvial and cushion soils. Tests to be conducted at 
frequencies in accordance with the approved Quality AssurancdQuality Control Plan and 
will typically be one test per 5,000 cubic meters (6,500 cubic yards) of soil: 0 

~. 
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1. D 422 Standard Test Method for Particle Size Analysis of Soils 
2. D 698 Standard Test Methods for Laboratory Compaction Characteristics of Soil 

Using Standard Effort (standard Proctor) 
3. D 2216 Standard Test Method for Laboratory Determination of Water (Moisture) 

Content of Soil and Rock by Mass 
4. D 2435 Standard Test Method for One-Dimensional Consolidation Properties of 

Soils 
5. D 2487 Standard Classification of Soils for Engineering Purposes (Unified Soil 

Classification System) 
6. D 43 18B Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index 

of Soils (Atterberg Limits) 
7. D 4767 Standard Test Method for Consolidated Undrained Triaxial Compression 

Test for Cohesive Soils 

B. TESTING M O R A T O R Y  results to be submitted to CT'R for possible design 
i 

modifications. Submit one month prior to construction. 

***END OF SECTION*** 

SPEC-02200-094 1-3 



I 

‘0 b 

b 0 

Present Landfill Accelerated Action 

Design SDecifications Division 2 

SPEC-022 10-0942 
GEOSYNTHETICS INTERFACE TESTING 

APPROVED AS CORRECTED 

REVISE AND SUBMIT 

APPROVALIS FOR CONFORMANCE TO THE SITE DESIGN PROCESS AND WITH THE 
DESIGN CONCEPT OF THE CALCULATIONS, PLANS, AND SPECIFICATIONS. 

. . .  



SPEC-022104942 
GEOSYNTHETICS INTERFACE TESTING 

PART 1 - GENERAL 

1-01 SUMMARY 

A. Specifications and guidelines for the testing of the geosynthetic interfaces to ensure adequate 
slope stability. Interfaces to be tested include: 

0 

GDNIflexible membrane liner (FML) I 

Wgeosynthe t ic  clay liner (GCL) 
GCUGCL foundation soil layer 

Rock layer cushion soiYgeosynthetic drainage net (GDN) I 

All activities performed by the SUBCONTRACTOR shall be in accordance with all 
applicable Federal, State, and local laws and regulations. 

1.02 REFERENCES 

A. American Society for Testing and Materials (ASTM) 
1. D 5321 Standard Test for Determining the Coeficient of Soil and Geosynthetic or 

Geosynthetic and Geosynthetic Friction by Direct Shear Method 
2. D 6243 Standard Test for Determining the Internal and lnterface Shear Resistance of 

GCL by the Direct Shear Method 

1 .  US.  EPA (2002), Technical Guidance for RCMCERCLA Final Covers. 
2. R.M. Koemer, 1999, Designing with Geosynthetics. 

B. Relevant Publications 

1.03 DEFINITIONS 

A. CONTRACTOR - Kaiser-Hill Company, L.L.C. 

B. CTR - Contractor Technical Representative 

C. Geosynthetic Manufacturer (MANUFACTURER) - The party responsible for manufacturing 
the geosynthetic component. 

D. Geosynthetic Laboratory (TESTING LABORATORY)- Party, independent from the 
MANUFACTURER, responsible for conducting laboratory shear tests on samples of 
geosynthetics prior to construction, usually under the direction of the CONTRACTOR. 
TESTING LABORATORY shall have provided quality control andor quality assurance 
testing of the proposed geosynthetics for at least five completed projects having a minimum 
area of 2 million square feet. The TESTING LABORATORY shall be accredited via the 
Geosynthetics Accreditation Institute’s Laboratory Accreditation Program (GAI-LAP) or 
participate in ASTM’s “Round Robin” testing. TESTING LABORATORY must have a 
radioactive material license if a borrow area within WETS is selected. 

E. SUBCONTRACTOR - Company awarded contract for construction activities. 
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1.04 . s m m m  
A. Submit TESTING LABORATORY GRI accreditation or proof of participation in ASTM 

“Round Robin ‘‘ testing program prior to laboratory tests being performed: 

B. Prior to and after testing: . .. 

1. 

2. 

3. 

4. 

5. 
6. 

MANUFACTURER’S lot number of GDN to be submitted to the TESTING 
LABORATORY. GDN must be that used for the project selected in accordance 
with Section 02224: GEOSYICIXETIC COMPOSITE DRAINAGE NET. 
MANUFACTURER’S lot number of FML, to be submitted to the TESTING 
LABORATORY. FML must be that used for the project selected in accordance 
with Section 02225: LLDPE GEOMEMBRANE LINER 
MANUFACTURER’S lot number of GCL to be submitted to the TESTING 
LABORATORY. GCL must be that used for the project selected in accordance 
with Section 02226: GEOSYNTHETIC CLAY LINER. 
TESTING LABORATORY results for cushion and foundation soils selected for the 
project as required by Section 02200: GEOTECHNICAL TESTING. Geotechnical 
testing results to be submitted to the CONTRACfOR include ASTM D 422 (sieve 
analysis), ASTM D 4318 (Atterberg Limits), and ASTM D 698 (standard Proctor 
Compaction). 
Test specifications to CTR as outlined in Part 3.02. 
TESTING LABORATORY shear results of the four interfaces described in Part 
3.03. Submit a minimum of one month prior to construction. 

C. Submit in accordance with Section 01305: SUBMITTAL, PROCEDURES. 

PART 2 - PRODUCTS 

A. 

. .  

B. 

‘ c. 

D. 

E,. 

Cushion Soil 
As defined in Section 02221 and characterized in accordance with Section 02200. 

Foundation Soil 
As defined in Section 02221 and characterized in accordance with Section 02200. 

GDN 
Selected in accordance with Section 02224. 

FML 
Selectedin accordance with.Section 02225. 

GCL 
Selected in accordance with Section 02226. 

0) / 

I PART 3 - EXECUTION 
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A. Conduct geotechnical testing on cushion and foundation soils in accordance with 
Specification Section 02200. Submit results of ASTM D 422 (sieve analysis), ASTM D 
4318 (Atterberg Limits), and ASTM D 698 (standard Proctor Compaction) to interface 
TESTING LABORATORY if different from geotechnical laboratory. 

Select GDN, FML, and GCL in accordance with Specification Sections 02224, 02225. 
and 02226. respectively. Submit adequate samples of materials io TESTING 
LABORATORY - 

B. 

3.02 SUBMlT TEST SPECIFICATIONS TO TESTING LABORATORY 

A. For shear tests involving cushion and foundation soils, soil must be tested,’at 95% 
standard Proctor compaction at +2% optimum moisture content. 

I 

B. Specify that tests involving cushion and foundation soils are to be fully consolidated at 
saturated conditions with a shear displacement rate of 0.005 IJ1II1/s. . , _ _  

C. Specify tests to be conducted at three normal stresses of 3 pounds per square inch (psi). 6 
psi, and 9 psi (432, 864, 1,296 pounds per square foot) or as otherwise directed by the 
CTR. 

D. For shear tests involving GCL, GCL must be hydrated a minimum of 72 hours prior to 
testing. 

3.03 SHEARTESTS 

A. TESTING LABORATORY to conduct the following tests under conditions outlined in 
Part 3.02 for the following interfaces: 

1. Rock layer cushion soiYGDN in Accordance with ASTM D 5321 
2. GDN/FML in accordance with ASTM D 532 1 
3. FMUGCL in accordance with ASTM D 6243 
4. GCUGCL cushion soil layer in accordance with ASTM D 6243 

Frequencies will be established once the cushion and foundation soils have been characterized in 
accordance with Section 02200, but will be a minimum of one per interface, and one per soil 
type- 

B. TESTING LABORATORY results to be submitted to CIX for possible design 
modifications. Submit one month prior to construction. 

***END OF SECTION*** 
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SPEC-022214943 
EARTHWORK -REGRADING 

PART 1 GENERAL 

1.01 

_ _ _  . . 

1.02 

.. . 

SUMMARY 

The existing surface of the landfill has not be n modified since waste placement perat ions 
ceased. The existing surface of the landfill will be regraded to match slopes and contours of the 
final Synthetic Geocomposite cover surface grades as shown on the Drawings. This section 
includes procedures that may be required for preparation, excavation, and relocation of existing 
interim cover soils, and various import soils that make up the final cover profile. Solid waste 
relocation is not anticipated. 

Placement of imported grade fill is anticipated, presuming to continue with immediate placement 
of the 6-inches of cushion soils once the interim cover soils have been manipulated in accordance 
with the design drawings. Subsequent soil layer will include a 10-inch cushion layer and a 2 foot 
soil layer. 

DEFINITIONS 

A. INTERIM COVER SOILS 

Any materials generated from breaking the plane of the existing Interim Cover of the 
landfill for purposes of manipulating the surface contours or elevations of the Interim 
Cover in order to establish initial slopes or elevations required in accordance with the 
design drawings. 

B. GRADE FILL 

Soil from a CONTRACTOR approved borrow source which is free of hazardous or solid 
waste materials and free of ice or snow, organic soils, vegetation, wood, pea& or other 
unsuitable material. Grade f i l l  shall be a material that is readily capable of being 
compacted as an engineered fill material and will be used to fulfill the requirement for 
additional fill during preparation of the regrade surface and the perimeter channels. It is 
intended that Rocky Flats Alluvium fulfill this requirement. 

C. COVER LAYER SOIL (ROCKY FLATS ALLUVIUM) 

Soil from a CONTRACTOR approved borrow source which is free of hazardous or solid 
waste materials and free of ice or snow, organic soils, vegetation, wood, peat, or other 
unsuitable material. Cover layer soil shall be a material that is readily capable of being 
compacted as an engineered fill material. This material will be used to fulfill the 
requirement for additional t i l l  during preparation of the regrade surface and for the top 
final two feet of the final cover. 
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. .- 

D. CUSHION SOIL 

Soil from a CONTRACTOR approved borrow source which is free of hazardous or solid 
waste materials and free of ice or snow, organic soils, vegetation, wood, peat, and is 
similar to the gradation listed in Table A of this section. Cushion Layer Soil shall be a 
material that is readily capable of being compacted as an engineered fill material and will 

components for the placement of the rock layer, and to provide a &inch cushion for the 
construction of geosynthetic composite cover. 

be used to provide a ]&inch cushion above the geosynthetic composite cover .- 

1.03 SUBMIITALS 

The following shall be submitted in accordance with Section 01305 SUBMITTAL 
PROCEDURES: I 

A. Equipment: 
Motor Grader (Caterpillar 14G or equivalent) .. 

Self-Propelled Scraper (Caterpillar 627 or equivalent) 
Bulldozer (Caterpillar D-6 LGP or equivalent) 
Self-Propelled Compactor (Caterpillar 8 15B or equivalent) 

B. Geotechnical test results demonstrating soil source compliance with this specification and 
the Construction Q N Q C  plan. 

C. Certified waybills and delivery tickets for all materials. 

1.04 CONSTRUCTION QUALITY ASSURANCWQUALITY CONTROL 

The SUBCONTRACTOR shall abide by all qualification and submittal requirements of the 
Construction Q N Q C  (QNQC) plan. 

Work wi.11 be monitored and tested in accordance with the requirements of the QNQC Plan. 

The SUBCONTRACTOR shall be aware of all activities outlined in the Construction Q N Q C  
plan, and the SUBCONTRACTOR shall account for these activities in the construction schedule. 
No additional cost shall be allowed to the CONTRACTOR as a result of the performance of the 
Q N Q C  activities of the SUBCONTRACTOR. 

I -05 . MEASUREMENT AND PAYMENT 

A. Measurement for Payment 

Make measurementsbf iime and materials necessary to support monthly project status 
reports that include an estimate of project percent complete. 

B. Payment 

Payment will be made as outlined in Section 01270: MEASUREMENTS AND PAYMENT 
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PART2 MATERIALS 

2.01 GRADEFILL 

If required, supply per definition above. 

2.02 ROCKY FLATS ALLUVIUM 

Supply per definition above. 

2.03 CUSHION LAYER SOIL 

Supply per definition above. 
I 
I 

PART 3 EXECUTION 

3 -0 1 PREPARATION 
- _-. - * * _ _ _ _  . I .- - - 

A. Before commencement of construction of the cover system, the site shall be prepared in 
. accordance with the following: 

1 Place temporary erosion protection as required per Section 02228: EROSION 
CONTROL. 

2. The existing landfill grade (i.e: top surface of the existing landfill Interim Cover) 
shall be close-mowed in accordance with Section 021 10: SITE PREPARATION. AI1 
trees shall be cut flush to original ground surface or subgrade and stumpdroots 
removed. 

3. The landfill regrade cut and fill program portrayed in the project design drawings 
shall be established in accordance with standard construction staking practice and to 
tolerances established in this section and in accordance with Section 01722: FIELD 
ENGINEERING. All staking shall be maintained as required to support construction 
activities necessary to establish the landfill regrade surface as portrayed in the project 
design drawings. 

4. The landfill surface outside the area of the regrade cut and fill program shall be 
investigated for bearing capacity performance and suitability as a subgrade surface. This 
landfill subgrade area shall be proof-rolled using a rubber-tired roller or loaded scraper, 
operating at a speed not to exceed 5 miles per hour. Rubber-tired rollers shall contain a 
minimum of four wheels per axle equipped with pneumatic tires such as a CAT PS-I 10 
or approved equivalent. Rubber-tired rollers shall have a minimum operating weight of 
25,000 pounds and shall be equipped with tires of sufficient size to maintain a tire 
pressure between 80 and 100 pounds per square inch during operation. Proof-rolling 
shall consist of a minimum of 2 coverages with a coverage defined as a single pass of the 
entire vehicle. If used, scrapers shall have a minimum loaded operating weight of 150.000 
pounds and shall make a minimum of 2 coverages with a coverage defined as the area in 
direct contact with the tires of the scraper due to a single pass of the entire vehicle. Areas 
with unacceptable deflections (in the order of I to 3 inches) shall be repaired at the 
direction of the CTR, such that deflections are less than 1 inch when proof-rolled again. u 
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3 -02 

_ .  .... 

A. . 

3 -03 

5. Remove unsuitable grade fill, or bridge the area with material capable of adequately 
limiting deflection. Proof roll and repeat as necessary. 

6. Assure f i l l  area is not impacted by ice, snow, andor frozen material prior to 
beginning placement. 

7. Unsuitable soil shall be excavated and placed in accordance with. thefollowing 
’ subsections. 

EXCAVATIONREGRADING 

Where excavation of materials from the cut and till program, or of unsuitable soil, .is 
required the following procedure shall be initiated: 

1. 
I 

Excavatehemove soils or waste items in accordance with the regrade cut and fill 
program. During excavation of materials from or within the existing Interim 
Cover of the Landfill, follow all instruction and requirements of the Health and 
Safety Work Control Document and Field Implementation Work Control 
Document as they relate to the exposure and monitoring of waste, and 
subsequent decontamination procedures as appropriate. Transport excavated 
materials to fill area. 

2. Proof roll final excavation surface and over excavate to remove unsuitable 
material that will not form an adequate regrade surface for the final cover layer. 
Replace with grade fill in accordance with Paragraph 3.04. During regrading 
activities, the entire surface of the landfill area will be traversed with heavy 
equipment to achieve a minimum compaction performance standard of 95 
percent standard Proctor dry density (ASTM D698). The development of the 
method to achieve this compaction goal will be accomplished using a test fill 
prior to construction to determine the number of required of passes with a piece 
of equipment to achieve the required compaction. If any areas of unacceptable 
deflections(in the order of 1 to 3 inches) are encountered, they shall be repaired 
at the direction of the CRT such that deflections are less than 1 inch when proof- 
rolled again. 

3. Placement of grade fill may be required to maintain positive drainage if 
excavation extends beyond the limit of excavation shown on the Drawings, or 
below excavation grades shown. Grade fill shall be placed in accordance with 
Section 3.04 of this Specification and as such to facilitate the placement of 
overlying f i l l  and cover materials. If wet soil/material is encountered at a depth 
greater than 2 feet, placement of bridging materials (e.g. washed rock in excess 
of 1 In7’ minimum dimension) in the area, or other methods approved by the 
DESIGNER to improve bearing capacity will be performed. 

DEWATERING 

A. No surface dewatering is expected from the current site conditions, or the cut and f i l l  
program for the subgrade. However, if dewatering is required, the following procedure . 
shall be initiated: 
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1. Maintain surface water control and fiee drainage such that all incidental waters 
of precipitation and dust control are retained within the footprint of the landfill 
waste boundary. 

2. If necessary, provide surface water pumps, hoses and other necessary equipment 
and labor to keep excavation free of standing water. Water coming in contact 
with soil shall be collected and disposed per Section 02720: LIQUIDS 
REMOVAL. 

3.04 INTERIM COVER SOIL - REGRADE MATERIAL PLACEMENT 

For the execution of the regrade preparation cut and fill program, the following placement 
procedure shall be initiated where placement is required: I 

. .  ! I .  

.2. 

3. 

4. 

5 .  

6.  

7. 

8. 

9.  

Scarify prepared surface before placement of fill material to provide bonding 
between materials. 

. _ -  - _. . -  _. 

Begin construction of subgrade fill at lowest point of fill below grade and 
construct in layers by spreading and leveling material during placement. Spread 
individual layers to uniform thickness throughout and approximately parallel 
with finished grade within current working area of fill placement. Step transition 
between work areas as filling progresses to prevent vertical joints within fill. 

Place materials uniformly in maximum I-foot loose lifts within current working 
area of fill placement. 

Compact materials by traversing with a minimum of 6 passes with a CAT 8 15B 
compactor, or alternate piece of equipment approved by the CTR before placing 
next lift. Revisions to the number of passes and equipment type may only be 
made with the CTR’s approval. 

Maintain lifts to provide positive drainage away from construction. 

Where material for f i l l  consists of rock, rubble, or waste material of such size as 
to render placing in I-foot layers impractical, material may be placed in layers 
not exceeding in thickness the approximate average size of larger materials 
provided individual pieces are so placed that there will be no nesting, and voids 
are filled with smaller soil or waste materials. 

Do not place frozen materials, and do  not place materials on frozen surfaces. 
Frozen materials are defined as soil with a temperature less than 32°F or 
containing visible ice crystals, or clods of frozen soil larger than 4 inches in any 
direction. 

Supplemental aeration may be necessary to facilitate drying. 

Wet soil shall be spread over an area to receive f i l l  and shall be allowed to air dry 
to a sufficient state that it may be compacted and may serve as adequate material 
for placement of overlying fill and cover materials. 
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3.05 6-INCH CUSHION L A m R  SOIL PLACEMENT 

For the execution of the 6-inch foundation layer preparation program, the following placement D 
procedure shall be initiated: 

1. Place foundation soils in accordance with.this Specification and the approved 
design drawings and design report. . . . - _ _  - . 

2. The regraded landfill surface shall be scarified to promote bonding between 
materials. 

3. Place materials in a uniform single thickness of material sufficiently thick to 
accommodate establishing grade of the final surface, and to account for 
settlement due to grading. This process is intended to form a uniformly thick soil 
mass of a minimum finished thickness of 6 inches, free of large voids throughout 
and approximately parallel with finished grade within current working area of 
final cover placement. Remove cobbles greater than 0.5 inches and break down 
clods to less than 4 inches in maximum dimension. In general the &inch cushion 
soil will meet the physical characteristics of the “pit fine” soils detailed in 
Appendix D of the Design Analysis Report. A typical grain size distribution for 
this material is included in the table below. 

TABLE A 

4. Materials shall be placed at a final compaction of 95 percent standard proctor dry 
density (ASTM D698) with a moisture requirement of f2 percent of the optimum 
moisture content (OMC) as measured by standard proctor density (ASTM 
D698). 

3.06 10 -INCH CUSHION LAYER SOIL PLACEMENT 

For the execution of the 1 0-inch cushion layer preparation program, the following placement 
procedure shall be initiated: 

I .  Place cushion soils in accordance with this Specification and the approved design 
drawings and design report. 

The soil will be placed in front of the equipment such that the equipment does 
not drive directly on top of the geosynthetic components of the liner. The soil 

2. 
5 

J 
D 
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3. 

will be spread using a Caterpillar Low-Ground Pressure D-6 bulldozer (or 
equivalent) . 

Place materials in a uniform single thickness of material sufficiently thick to 
accommodate establishing grade of the final surface, and to account for 
settlement due to grading. This process is intended to form a uniformly thick soil 
mass of a minimum finished thickness of 10 inches, free of large voids 
throughout and approximately parallel with finished grade within current 
working area of final cover placement. Remove cobbles greater than O S  inches 
and break down clods to less than 4 inches in maximum dimension. In general 
the 10-inch cushion soil will meet the physical characteristics of the “pit fine” 
soils detailed in Appendix D of the Design Analysis Report. A typical grain size 
distribution for this material is included in the table below. 

TABLE B 

4. Materials shall be placed at a final compaction of 95 percent standard proctor dry 
density (ASTM D698) with a moisture requirement of *2 percent of the optimum 
moisture content (OMC) as measured by standard proctor density (ASTM 
D698). 

3.07 ROCKY FLATS ALLWlUM FMAL COVER SOIL PLACEMENT 

The final soil cover shall be placed with minimal compaction. For the execution of the final soil 
cover, the following placement elements and procedures shall be followed: 

. .  

1 - Place final cover soils in accordance with this Specification and the design drawings. 
The borrow source (Rocky Flats Alluvium) for the layer of final cover soils will be 
provided by the SUBCONTRACTOR, 

2. The soil cover materials will be placed in stockpiles directly from the tnicks onto the 
top of the Rock Layer system. No trucks will be allowed to drive on top of the Rock 
Layer rock surface. Soil will be placed and pushed forward across the Rock Layer 
surface. 

3. Soil materials will be evenly spread across on the top surface to reach grading 
requirements as depicted in the design drawings, using a Caterpillar Low-Ground 
Pressure D-6 bulldozer (or equivalent). 
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4. Place materials in one uniform lift to  create a interim finished thickness of 22-inches 
(minimum). 
surface grades as shown on the design drawings. Placement is intended to form a 
uniformly thick soil mass of a minimurn finished thickness of 22-inchesY free of large 
voids throughout and parallel with finished grade within current working area of final 
cover placement- 

The intent is for the material to be sufficiently thick to establish final 

5 .  Place an additional 2 to 3 inches of materials in one uniform lift to create a final 
finished soil layer thickness of 24-inches (minimum). 
shall be sufficiently thick to reach final surface grades as shown on the design 
drawings. The soil for this final layer will be obtained from the stockpile of soil that 
was grubbed from the surface of the landfill at the beginning of the project. These 
soils contain the root systems and organic matter that had previously established on 
the interim cover, and will facilitate the establishment of the new vegetation. 

Placement of this material 

3.08 FIELD QUALITY ASSURANCElQUALITY CONTROL 

A. Grade Fill Placement and Compaction 

In accordance with the Construction Q N Q C  plan. 

B. Tolerances 

1. The regrade of the landfill surface shall be within 0.5 feet horizontal and *O.l feet 
vertical.of the control points shown on the Drawings, and meet the minimum slope 
requirements shown on the drawings unless approved in writing by the CTR. 

2. For the cushion, foundations, rock and cover soil layers, the thickness of the layers 
shall be within 0.0 A to +0.2 A of the specified thickness. 

C. Final Grades 

In accordance with the Q N Q C  Plan, the completed design subgrades shall be surveyed 
by SUBCONTRACTOR and approved by Site QA Manager before further placement of 

.cover materials. 

***END OF SECTION*** 

. .  . . . . I  
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SPEC-02222-0944 
ROCK LAYER 

PART 1 GENERAL 

1.01 SUMMARY 
This specification section covers the supply, installation, and testing of materials for use in a rock 
layer as indicated in the Design Drawings. All activities performed by the SUBCONTRACTOR 
shall be in accordance with all applicable Federal, State, and local laws and regulations. 

The rock layer is intended to serve two primary functions for the Accelerated Action at the 
Present Landfill: (1) protect the environment from exposure by detemng animals from 
burrowing into the underlying wastdconsolidated materials and bringing it back to the surface 
and (2) protect biota (animals) by deterring their direct contact with these materials. 

\ 
- _ _  .- _ _  . 

1.02 REFERENCES 

The publications listed below form a part of the specification to the extent referenced. The 
publications are referred to in the text by basic designation only. The most recent version of the 
referenced Test Methods shall be used in all cases. 

AMERICAN SOCIETY FOR TESTING A N D  MA- (ASTM) 

ASTM C 88 

ASTM C 127 

Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate 

Specific Gravity and Absorption of Coarse Aggregates 

ASTM C 131 Resistance to Degradation of Small-size Coarse Aggregate by Abrasion and Impact 
in the Los Angeles Machine 

ASTM C 136 Method for sieve analysis of fine and coarse aggregates 

ASTM D2938 Standard Test Method for Unconfined Compressive Strength of Intact Rock Core 
Specimens 

. 

1.03 S-MI’ITALS 

The following shall be submitted in accordance with Section 01305: SUBMITTAL 
PROCEDURES: 

List of proposed equipment to be used in performance of construction work including 
descriptive data. 

0 Suppliers’ Test Results demonstrating compliance with Part 2 of this Specification. 

Certified waybills and delivery tickets for all aggregates. 
. . .  
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1-04 B 

1.05 

1-06 

1.07 

DELIVERY ' ~ 

A. Delivery Tickets 

Copies of waybills and delivery tickets shall be submitted during the progress of the 
work. Before the final payment is allowed, SUBCONTRACXOR shall fde certified 
.waybills and certified delivery tickets for all material actually used. 

EQUIPMENT 

All equipment and tools used in the performance of the work will be subject to approval before 
the work is started and shall be maintained in satisfactory working condition at all times. ' 
CONSTRUCTION QUALITY ASSURANWQUALITY CONTROL I 

The SUBCONTRACI'OR shall abide by altqualification and submittal requirements of the 
Construction Quality AssurancdQuality Control Plan (QNQC) and the Field Implementation 
Plan Work Control Document (FlP WCD). 

. 

Work will be monitored and tested in accordance with the requirements of the approved 
Construction QNQC plan. 

The SUBCONTRACTOR shall be aware of all activities outlined in the Construction QNQC 
plan, and the SUBCONTRArnOR shall account for these activities in the construction-schedule. 

MEASUREMENTANDPAYMENT 

A. Measurement for Payment 

Make measurements of time and materials necessary to support monthly project status 
reports that include an estimate of project percent complete. 

B. Payment 

Payment will be made as outlined in Section 01270 MEASUREMENTS AND 
PAYMENTS. 

PART 2 PRODUCTS 

2-01 ROCKLAYER 
A. Properties: 

1. The aggregate is to be a granular rock layer that has a nominal thickness of twelve 
inches and consists of at least thirty-three percent particles that are a minimum 6 
inches in diameter and a maximum size of about nine inches in diameter. Gradation 
characteristics are as follows: 

0 .  
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Maximum Sieve Size Percent Passinq 
10 inches 100 
6 inches 50 - 67 
3 inches 30 - 55 
1 inch 10 - 35 
318 inch 5 -  15 

2. Granular barriers should be placed with a maximum void space of 2 inches. This 
criteria considers a void running continuously through the entire barrier thickness. 

3. The unconfined compressive strength of the particle material should be at least 4OOO 
pounds per square inch, and the unit weight of the material should be a minimum of 
130 pounds per cubic foot. 

4. Rock materials shall consist of clean, sound rock consisting of silica-based matbrial 
containing durable particles of crushed stone meeting the durability requirements in 
Section 02245: STONE AND AGGREGATE MATERIALS, carbonate-based 
materials will not be used. 

I 

Control of gradation will be by suppliers sieve analysis in accordance with the QNQC 
Plan. All tests will be performed by and at the expense of the SUBCONTRACTOR and 
submitted to the CONTRACTOR’S TECHNICAL REPRESENTATIVE (a). 

PART 3 EXECUTION 

Areas on which rock layer materials are to be placed shall be graded and dressed to lines and 
grades shown on drawings and in accordance with Section 021 1 0  SlTE PREPARATION and 
Section 02221: EARTH WORK. Eroded or washed out areas shall be repaired prior to placement 
of material. 

3.02 ROCK LAYER MATERIAL 

A. General 

Rock layer material shall be placed on the subgrade within the limits and thickness shown 
on the drawings or as staked in the field. The completed surface of the rock layer shall 
have a thickness tolerance of M.0 to 4.2  feet as determined by construction surveying. 

B. P1 acement 

Rock layer material shall be spread uniformly in a manner developed during the test fill 
activities, and approved by QNQC personnel, that limits disturbance of the 10-inch 
cushion layer and in a satisfactory manner to the slope lines, thickness, and grades 
indicated on the design drawings or as directed. Equipment must not drive directly on 
top of the rock surface. This is required to prevent puncture of the underlying 
geosynthetic components. Placing of material by methods that will tend to segregate 
particle sizes within the rock layer will not be permitted. The larger stones shall be well 
distributed and the entire mass of stones in their final position shall be roughly graded to 
conform to the gradation specified. The finished rock layer material shall be free from 
objectionable pockets of small stones and clusters of larger stones. The desired 

. -  
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distribution of the various sizes of stones throughout the mass shall be obtained by 
selective loading of the material at the quarry or other source; by controlled dumping of 
successive loads during final placing and placement. All stone shall be placed to a 
uniform thickness of twelve inches. Compaction of the rock layer material will not be 
required but it shall be finished to present a uniform even surface free from depressions, 
mounds, or windrows. 

' 

C. Field Verification 

A visual field verification of rock layer material shall be performed by QA and QC 
Personnel to evaluate if the material as delivered to the job meets requirements of this 
Specification and will be performed in accordance with the approved Construction i QNQC Plan. 

I 

3.05 PROTECT'ION 

The SUBCONTRACTOR shall maintain the rock layer material until accepted and any material 
displaced by any cause shall be replaced at his expense to the lines and grades shown on the 
drawings. 

#*END OF SECTION*** 
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. SPEC-022-45 

GEOCOMPOSITE DRAINAGE NET 

PART1: GENERAL 

1-01 

1p2 

1 -03 

SUMMAR Y 

A, Specifications and guidelines for MANUFACTURING and INSTALLING 
GEOCOMPOSITE DRAINAGE NET (GDN). This geocomposite consists of a layer of GDN 
“sandwiched” between 2 layers of 8 oz. geotextile used as filter and drainage media in lining 
systems. All activities performed by the SUBCONTRACTOR shall be in accordance with all 
applicable Federal, State, and local laws and regulations. 

REFERENCES 

A. American Society for Testing and Materials (ASTM) 
1. D 1238-01 Standard Test Method for Melt How Rates of Thermoplastics 

2. D 1505-98 Standard Test Method for Density of Plastics by the Density- 

3. D 1603-94 Standard Test Method for Carbon Black in Olefin Plastics 
4. D 4716-00 Standard Test Method for Determining the (In-Plane) Flow Rate 

Per Unit Width and Hydraulic Transmissivity of a Geosynthetic Using a 
Constant Head 

Fabrics (Strip Method) 

Geotextiles and Geomembranes 

by Extrusion Plastometer 

Gradient Technique 

5. D 5035-95 Standard Test Method for Breaking Force and Elongation of Textile 

6. D 5 199-99 Standard Test Method for Measuring Nominal Thickness of 

B. Relevant publications from the Environmental Protection Agency @PA): 
1. Daniel, D E  and R.M. Koerner, ( I  993). Technical Guidance Document: 

Quality Assurance and Quality Control for Waste Containment Facilities, 
EPAf6oo/R-931182. 

.. 

DEFINITIONS 

A. Construction Quality Assurance Engineer (CQAE) - Party, 
independent from MANUFACTWER and INSTALLER that is 
responsible for observing and documenting activities related to quality 
assurance during the lining system construction. 

B. DESIGN ENGINEER- The individual or firm responsible for the design and preparation 
of the project’s Contract Drawings and Specifications. 

C.  GDN Manufacturer (MANUFACTURER) - The party responsible for 
manufacturing the GDN rolls. 

D. Geosynthetic Quality Assurance Laboratory (TESTING LABORATORY)- 
Party. independent from the MANUFACTURER and INSTALLER, 
responsible for conducting laboratory tests on samples of geosynthetics 
obtained at the site or during manufacturing, usually under tbe direction of the 
CONTRACTOR. 

. .  - 
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E. 

E 

1.04 SuBMlTZTALs 

INSTALLER- Party responsible for field handling, transporting, storing and 
deploying the GDN. 

Lot - A quantity of resin (usually the capacity of one rail car) used to manufacture 
polyethylene GDN rolls. The finished rolls will be identified by a roll number traceable to 
the resin.lot. 

The following shall be submitted in accordance with Section 01305: SUBhUITAL PROCEDURES: 

7 
e 

1.05 

1-06 

List of proposed equipment to be used in performance of construction work including descriptive 
data. 
Suppliers' Test Results demonstrating compliance with this specification and the Construction 

Certified waybills and delivery tickets for all materials. 
QNQC Plan. 

' QUA~IFICATIONS 

A. MANUFACTWRER 
1. GDN shall be manufactured by the following: 

a. GSE Lining Technology. Inc. 
b. Cetco 
c. Poly-flex 

2. MANUFA- shall have manufactured a minimum of 1O,OOO,OOO 
square feet of polyethylene GDN material during the last year. 

d. approved equal . .  . _ _  - -. - - 

B. INSTALLER 

companies: 
a. GSE Lining Technology, Inc. 
b. Poly-flex 
c. Cetco 
d. Approved equal 

2. INSTALLER shall have worked in a similar capacity on a project of similar complexity to 
the project described in the Contract Documents. 

3. The Installation Supervisor shall have worked in a similar capacity on 
projects similar in size and complexity to the project described in the 
Contract Documents. 

1. Installation shall be performed by one of the following installation 

MATERIAL LABELING, DELIVERY, STORAGE A N D  HANDLING 

A. Labeling- Each roll of GDN delivered to the site shall be labeled by the 
MANUFACIVRER. The label will identify: 
1. manufacturer's name 
2. product identification 
3. length 
4. width 
5. roll number 
6. lot number 
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B. Delivery- Rolls of GDN will be prepared to ship by appropriate means to prevent damage to the 
material and to facilitate off-loading. 

C. Storage- The on-site storage location for the GDN, provided by the SUBCONTRA(T0R to 
protect the GDN from ultraviolet light exposure, abrasions, excessive dirt and moisture shall have 
the following characteristics: 

1. level (no wooden pallets) 
2. smooth 
3. protected from theft and vandalism 
4. adjacent to the area being lined. 

D. Handling 
1. The SUBCONTRACTOR and INSTALLER shall handle all GDN in such a manner as 

2. The INSTALLER shall take any necessary precautions to prevent damage to 
to ensure it is not damaged in any way. 

underlying layers during placement of the GDN. 

1.07 WARRANTY - 

A. Material shall be warranted, on a pro-rata basis against defects for a period of 
l-year from the date of the GDN installation. 

B. Installation shall be warranted against defects in workmanship for a period of 
1-year from the date of GDN completion. 

1.08 MEASUREMENT AND PAYMENT a 
L A. Measurement for Payment 

Make measurements of time and materials necessary to support monthly 
project status reports that include an estimate of project percent complete. 

B. Payment 

Payment will be made as outlined in Section 01270: MEASUREMENTS AND 
PAYMENTS 

PART 2: PRODUCTS 

2.01 GDN PROPERTIES 

A. A GDN shall be manufactured by extruding two crossing strands to form a 
bi-planar drainage net structure. 

€3. The GDN specified shall have properties that meet or exceed the values listed 
in the table below. 

C. The GDN shall be double sided, with 8 oz geotextile bonded to both sides of the geonet core. 
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Table SPEC-02224-0945-1 

Notes: 
(') Gradient of 0.1. normal load of 1O.OOO psf. water at 70" F (20" C). between steel plates'for 15 minutes. 

D. Resin 
1. Resin shall be first quality, compounded polyethylene resin. 
2. Natural resin (without carbon black) shall meet the following additional 

minimum requirements: 

Table SPEC-02224-0945-2 B 
ASTM D 1505 

Melt Flow Index (g/10 min) ASTM D 1238 

E. The geotextile portion of the GDN shall be eight oz per square yard. 

2.02 MANUFACTURING QUALITY CONTROL 

A. The GDN shall be manufactured in accordance with the Manufacturer's Quality 
Control Plan. 

B. The GDN shall be tested according to the test methods and frequencies listed below: 
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Polymer Density 
Melt Flow Index 

Quality assurance testing will be conducted to verify manufacturers quality control data 
consistent with procedure outline in the approved QMQC Plan. 

1 t a t  per 50,000 ft2 of material 
produced or once per resin lot, 

whichever is less. 

ASTMD 1505 g/cm3 
ASTMD 1238 g/10 min 

PART 3: EXECUTION 

Thickness 
Carbon Black 
Tensile Strength, MD 
Transmissivity 

3.01 FAMILIARIZATION 

A. Inspection 
1 - Prior to implementing any of the work in the Section to be lined, the INSTALLER 

shall carefully inspect the installed work of all other Sections and verify that all 
work is complete to the point where the installation of the Section may properly 
commence without adverse impact. 

shall notify the CI'R. 

3.02 MATERIAL PLACEMENT 

2. If the INSTALLER has any concerns regarding the installed work of other Sections, he 

ASTM D 5 I99 mil 1/50.000 ft2 
ASTM D 4218 % 1/50,000 ft2 
ASTM D 4595 Ibs/ft 1/50.000 fi2 
ASTM D 4716-00 m2/sec 1/540.000fi2 

A. The GDN roll should be installed in the direction of the slope and in the intended 
direction of flow unless otherwise specified by the CTR. 

B. All GDNs shall be weighted down with sandbags or equivalent. Such sandbags shall be used 
during placement and remain until replaced with cover material. 

C. The project includes an anchor trench at the top of the slopes. Therefore the GDN shall be 
properly anchored to resist sliding. Anchor trench compacting equipment shall not 
come into direct contact with the GDN. 

D. In applying fill material. no equipment can drive directly across the GDN. The 
specified f i l l  material shall be placed and spread utilizing vehicles with a low 
ground pressure. 

E. The cover soil shall be placed on the GDN in a manner that prevents damage to the 
GDN. Placement of the cover soil shall proceed immediately following the 
placement and inspection of the GDN. 

F. The installer shall submit an Installation Plan that addresses these issues. 
~ 
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3.03 GDN SEAMS AND OVERLAPS PROCEDURES 

A. Each component of the GDN will be secured to the like component at overlaps. 

B. GDN Components . .  

1. Deploy and fasten the geocomposite in accordance with the Manufacturer’s 

2. Adjoining net rolls (end to end) across the roll width should be shingled down in 
recommendations, unless otherwise stated in these specifications. 

the direction of the slope and joined together with cable ties spaced every 5 feet 
along the roll width. 

m. 
3. GDN should be tied every 6 inches in the anchor trench or as specified by the 

4. In general, no horizontal seams are allowed on side slopes except as part of a patch. 

3.04 FIELD REPAIR PROCEDURES . .  

. A. Prior to covering the deployed GDN, each roll shall be inspected for damage 
resulting from construction. 

B. Any rips. tears or damaged areas on the deployed GDN shall be removed and 
patched. The patch shall be secured to the original GDN by tying every 6 inches 
with the approved tying devices. If the area to be repaired is more than 50 percent 
of the width of the panel, the damaged area shall be cut out and the two portions of 
the GDN shall be cut out and the two portions of the GDN shall be joined in 
accordance with Subsection 3.03. This will be performed at the SUBCONTRACTOR’S 
expense. 

***END OF SECTION*** 
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SPEC-02225-0946 
LINEAR LOW DENSITY POLYETEYLENE (LLDPE) 

GEOMEMBRANELINER 

. -. I - 

PART 1 GENERAL 

1.01 SUMMARY 

A. Specifications and guidelines for MANUFACTURING and INSTALLING geomembrane liner 
systems. All activities performed by the SUBCONTRACTOR shall be in accordance with all 
applicable Federal, State, and local laws and regulations. 

1.02 REFERENCES 

A. American Society for Testing and Materials (ASTM) 
1. D 1004 Test Method for Initial Tear Resistance of Plastic Film andsheeting 
2. D 1238 Standard Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer 
3. D 1505 Test Method for Density of Plastics by the Density-Gradient Technique 
4. D 1603 Test Method for Carbon Black in Olefin Plastics 
5. D 3895 Standard Test Method for Oxidative-Induction Time of Polyolefins by Differential 

Scanning Calorimebry 
6. D 4833 Standard Test Method for Index Puncture Resistance ofGeotextiles, Geomembranes, 

and Related Products 
7. D 5 199 Standard Test Method for Measuring Nominal Thickness of Geotextiles and 

Geomembranes 
8. D 5397 Standard Test Method for Evaluation of Stress Crack Resistance of Polyolefin. 

Geomembranes Using Notched Constant Tensile Load Test 
9. D 5596 Standard Test Method for Microscopic Evaluation of the Dispersion of Carbon Black in 

Polyolefin Geosynthetics 
10. D 6392 Standard Test Method for Determining the Integrity of Nonreinforced Geomembrane 

Seams Produced Using Thermo-Fusion Methods 
1 1 - D 6693 Standard Test Method for Determining Tensile Properties of Nonreinforced 

Polyethylene and Nonreinforced Flexible Polypropylene Geomembranes 

B. Geosynthetic Research Institute 
1 - GRI GM 17 Test Properties, Testing Frequency and Recommended Warranty for Linear Low 

Density Polyethylene (LLDPE) Geomembranes 

1-03 DEFINITIONS 

A. Lot - A quantity of resin (usually the capacity of one rail car) used in the manufacture of 
geomembranes. Finished roll will be identified by a roll number traceable to the resin lot used. 

B. Construction Quality Assurance Engineer (CQAE) - Party, independent from MANUFACIWRJ3R 
and INSTALLER that is responsible for observing and documenting activities related to quality 
assurance during the lining system construction. 

C. CONTRACTOR’S TECHNICAL REPRESENTATlVE (CTR) - CONTRACTOR’S technical 
representative, who has the technical authority and field interface with the SUBCONTRACTOR. 

D. DESIGNER - Firm responsible for the design and preparation of the project’s Contract Drawings 
and Specifications. 
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E. Geomembrane Manufacturer (MANUFACIWER) - The party responsible for manufacturing the 
geomemlnane rolls. 

F. Geosynthetic Quality Assurance Laboratory (TESTING LABORATORY) Party, independent from 
the MANUFACTURER and INSTALLER, responsible for conducting laboratory tests on samples of 
geosynthetics obtained at the site or during manufacturing, usually under the direction of the 
CONTRAflOR 

G. INSTALLER- Party responsible for field handling, transporting, storing, deploying, seaming and 
testing of the geomembrane seams. 

H. Panel- Unit area of a geomembrane that will be seamed in the field that is larger than 100 f?. 

L Patch- Unit area of a geomembrane that will be seamed in the field that is less than 100 f?. 

J. Subgrade Surface- Soil layer surface, which immediately underlies the geosynthetic material(s). 
I 
I 

. - - . .  
1.04 SUBMITTALS 

A. Furnish the following product data, in writing, to CTR prior to installation of the geomembrane 
material: 

a. Certification stating that the resin meets the specification requirements (see Section 
1.09). 

2. Geomembrane Roll 
a. Statement certifying no recycled polymer and no more than 10% rework of the same type 

of material is added to the resin (product run may be recycled). 
b. Copy of the manufacturer’s quality control program. 
c. Quality control tests and methods used and results of these tests. 

1. Resm Data shall include the following. 

.I ! 

B. The INSTALLER shall h i s h  the following information to the and CONTRACTOR prior to 
installation: I 

1. Installation layout drawings 
a. Must show proposed panel layout including field seams and details 
b. Must be approved prior to installing the geomembrane 

1 - Approved drawings will be for concept only and actual panel placement will be 
determined by site conditions. 

2. Installer’s Geosynthetic Field Lnstallation Quality Assurance Plan 
3. Installation schedule 
4. Copy of the INSTALLER’S license or letter of approval from geomembrane manufacturer 
5. List of all proposed equipment to be used by make and model 
6. Anticipated average daily production rate on this project 
7. QC and QA tests in accordance with Table 4.2 of the QNQC Plan 

C. The INSTALLER will submit the following to the CIR upon completion of installation: 
1 - CeAficate stating the geomembrane has been installed in accordance with the Contract 

Documents 
2. Material and installation warranties 
3. As-built drawings showing actual geomembrane placement and seams including typical 

anchor trench detail 
4. As-built drawings showing locations of destructive seam tests 

-J 
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, m 
D. The EPA and CDPHE will have sfiicient opportunity to examine all submittals as they become 
available from the SUBCONTRACTOR. 

1.05 QUALITY ASSURANCE 

A. The independent CQAE will be responsible for coordination of laboratory services to monitor 
geomembrane installation. 

1.06 QUALIFICATIONS 

i 

A. MANUFACTURER 
1. Geomembrane shall be manufactured by the following: 

a. AGRU America 
b. GSE Lining Technology, Inc. 
c. Poly-Flex 
d. approved equal 

2. MANUFACTURER shall have manufactured a-minimum of 10,000,000 square feet of 
polyethylene geomembrane during the last year. 

. .  

B. INSTALLER 
1. Installation shall be performed by one of the following installation companies (or approved . 

equal) 
a. AGRU America 
b. GSE Lining Technology, Inc. 
c. Poly-flex 
d. Approved Dealerhstallers 
e. approved equal 

2. INSTALLER shall have installed a minimum of I ,000,000 square feet of LLDPE 
geomembrane during the last 2 years. 

3. INSTALLER shall have worked in a similar capacity on projects similar in complexity to the 
project described in the contract documents. 

4. The Installation Supervisor shall have worked in a similar capacity on projects similar in size 
and complexity to the project described in the Contract Documents. 

5. The INSTALLER shall provide a minimum of one Master Seamer for work on the project. 
a. Must have completed a minimum of 1,000,000 square feet of geomembrane seaming 

work using the type of seaming apparatus proposed for the use on this project. 

1.07 MATERIAL LABELING, DELIVERY, STORAGE AND HANDLING 

A. Labeling - Each roll of geomembrane delivered to the site shall be labeled by the MANUFACTURER. 
The label will identify: 

1 .  manufacturer’s name 
2. product identification 
3. thickness 
4. length - 

5. width 
6. roll number 
7. lot number 

B. Delivery- Rolls of liner will be prepared to ship by appropriate means to prevent damage to the 
material and to facilitate off-loading. 
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1.08 

1.09 

B. Resin 
1 - Resin shall be new, fnst.quality, compounded and manufactured specifically for producing 

geomembrane. 
2. Natural resin (without carbon black) shall meet the following minimum requirements: 

C. Storage- The on-site storage location for geomembrane material, provided by the SUB- 
CONTRACTOR to protect the geomembrane fiom punctures, abrasions, ultraviolet light, and 
excessive dirt and moisture should have the following characteristics: 

1. level (no wooden pallets) 
2. smooth 
3- dry 
4. protected from theft and vandalism 
5. adjacent to the area being lined 

D. Handling- Materials are to be handled so asto prevent damage. . 

WARRANTY 

A. Material shall be warranted, on a pro-rata basis against Manufacturer’s defects for a peribd of 5 years 
fiom the date of geomembrane installation. 

B. Installation shall be warranted against defects in workmanship for a period of 1 year fiom the date of 
geomembrane completion. 

GEOMEMBRANE 

A. Material shall be smooth polyethylene geomembrane as shown on the drawings. 

PioDertv I Test Method 
Density [g/cm3 J ASTM D 1505 0.915 
Melt Flow Index [g/10 min.] 5 1.0 
OlT [minutes1 ASTM D 3895 (1 atm/200°C) 100 

ASTM D 1238 (190D.16) 

C. Geomembrane Rolls . .  

D. 

1. Do not exceed a combined maximum total of 1 percent by weight of additives other than 
carbon black 

2. Geomembrane shall be fke of holes, pinholes as verified by on-line electrical detection, 
bubbles, blisters, excessive contamination by foreign matter, and nicks and cuts on roll 
edges. 

3. Geomembrane material is to be supplied in roll form. Each roll is to be identified with labels 
indicating roll number, thickness, length, width and MANUFACTURER 

4. All liner sheets produced at the factory shall be inspected prior to shipment for compliance 
with the physical property requirements listed in section 1.09, B, and be tested by an 
acceptable method of inspecting for pinholes. If pinholes are located, identified and 
indicated during manufacturing, these pinholes may be corrected during installation. 

Smooth surfaced geomembrane shall meet the requirements shown in the following table(s) for the 
following material(s): 

1 Table I .  1 for black LLDPE 
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c.' . . .  : 
E. Extrudate Rod or Bead 

1 Extrudate material shall be made fiom same type resin as the geomembrane (See Part 1.09 B 
for physical properties requirements of resin). 
2. Additives shall be thoroughly dispersed. 
3. Materials shall be fiee of contamination by moisture or foreign matter. . 

1-10 EQUIPMENT 

A. Welding equipment and accessories shall meet the following requirements: 
I. Gauges showing temperatures in apparatus (extrusion welder) or wedge (wedge welder) shall 

2. An adequate number of welding apparati shall be available to avoid delaying work. 
3. Power source must be capable of providing constant voltage under combined line load 

be present. 

1.J1 i DEPLOYMENT 

A. Assign and clearly label each panel-with a simple and logical identijing code. The coding system 
shall be subject to approval and shall be'determined at the job site. 

B. Visually inspect the geomembrane during deployment for imperfections and mark faulty or suspect 
areas. 

C. Deployment of geomembrane panels shall be performed in a manner that will comply with the 
following guidelines: 

1. Unroll geomembrane using methods that will - .  not damage . geomembrane and will protect 
underlying d a c e  from damage (spreader bar, protected equipment bucket). 

2. Place ballast (commonly sandbags) on geomembrane that will not damage geomembrane to 
prevent wind uplift. 

3. Personnel walking on geomembrane shall not engage in activities or wear shoes that could 
damage it. Smoking will not be permitted on the geomembrane. 

4. Do not allow heavy vehicular traffic directly on geomembrane. Rubber-tired ATV's and 
trucks are acceptable if wheel contact is less than 6 psi. 

5. Protect geomembrane in areas of heavy traffic by placing protective cover over the 
geomembrane . 

6. Generators shall not be placed over the geomembrane. 

D. Suflicient material (slack) shall be provided to allow for thermal expansion and contraction of the 
material. 

E. In order to assure intimate contact, wrinkles in the geomembrane shall be minimized. Wrinkle height 
shall not exceed 6 inches and the wrinkle height to width ratio for installed geomembrane shall not 
exceed 0.5. 

1.12 FIELD SEAMING 

A. Seams shall meet the follcwing requirements: 
1. To the maximum extent possible, orient seams parallel to line of slope, i.e., down and not 

across slope. 
2. Minimize number of field seams in comers, odd-shaped geometric locations and outside 

corners. 
3. Slope seams (panels) shall extend a minimum of five-feet beyond the grade break into the 

flat area. 
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B. 

C. 

i. -D. 

E. 

F. 

4. Use a sequential seam numbering system compati'ble with panel numbering system that is 
agreeable to the CTR and INSTALLER 

5. Align seam overlaps consistent with the requirements of the welding equipment being used. 
A 6-inch overlap is commonly suggested. 

During Welding Operations 
1. Provide at least one Master Seamer who shall provide direct supervision over other welders 

as necessary. 

Extrusion Welding 
1. Hot-air tack adjacent pieces together using procedures that do not damage the 

geomembrane. 
2. Clean geomembrane surfaces by disc grinder or equivalent. 
3. Purge welding apparatus of heatdegraded extrudate before welding. 

Hot Wedge Welding 
1. Welding apparatus shall be a self-propelled device equipped with an electronic controller that 

displays applicable temperatures:' 
2. Welding apparatus shall have 2 tracks, producing a dual hot wedge seam. 
3. Clean seam area of dust, mud, moisture and debris immediately ahead of hot wedge welder. 
4. Protect against moisture build-up between sheets. 

Trial Welds 
1. Perform trial welds on geomembrane samples to verify welding equipment is operating 

2. Make trial welds under the same surface and environmental conditions as the production 
welds, i.e., in contact with subgrade and similar ambient temperature. 

3. Conduct trial welds for smooth-smooth, smooth-textured, and textured-textured 
geomembraue seams daily if applicable to that day's work. 

4. Minimum of two trial welds per day, per welding apparatus, one made prior to the start of 
work and one completed at mid shift. 

5. Cut four, one-inch wide by six-inch long test strips &om the trial weld. 
6. Quantitatively test specimens for peel adhesion, and then for shear strength. 
7. Trial weld specimens shall pass when the results shown in Table 3.1 are achieved in both 

peel and shear test. 
a. The break, when peel testing, occurs in the liner material itself, not th;ough peel 

separation (FIB). 
b. The break is ductile. 

8. Repeat the trial weld, in its entirety, when any of the trial weld samples fail in either peel or 
shear. 

9. No welding equipment or welder shall be allowed to perform production welds until 
equipment and welders have successfidly completed trial weld. 

10. Trial welds will be performed when there is a change in personnel or equipment. 
1 1. Trial welds will be performed when the ambient temperature changes more then 20°F in a 

properly. 

seaming period. 

Seaming 
1 .  Geomembrane seaming will be performed in ambient temperatures less than 104°F and 

greater than 32"F, as measured 6 inches above the geomembrane surface. 
2. Seaming shall not proceed when ambient air temperature or adverse weather conditions 

jeopardize the integrity of the liner installation. INSTALLER shall demonstrate that 
acceptable seaming can be performed by completing acceptable trial welds. ,/- 
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G. Defects and Repairs 
1 -, Examine all seams and non-seam areas of the geommbrane for defects, holes, blisters, 

undispersed raw materials, and any sign of contamination by foreign matter. 
2. Repair and nondestructively test each suspect location in both seam and non-seam areas. 

Do not cover geomembrane at locations that have been repaired until test results with passing 
values are available. 

- _  
1.13 FIELD QUALlTY ASSURANCE 

A. 

B. 

C. 

r. 

MANUFACTURER and INSTALLER shall participate in and conform to all terms and 
requirements of the Owner’s quality assurance program. SUBCONTRACTOR shall be 
responsible for assuring this participation. 

The SUBCONTRACTOR shall provide its own Field Installation Quality AssurancdQuality 
Control (QNQC) manual. 

Field Testing 
1. Nondestructive testing will be camed out as the seaming progresses. 

a. Vacuum Testing 
1) Shall be performed in accordance with ASTM D 5641, Standard Practice for 

Geomembrane Seam Evaluation by Vacuum Chamber. 

1) Shall be performed in accordance with ASTh4 D 5820, Standard Practice for 
Pressurized Air Channel Evaluation of Dual Seamed Geomembranes. 

c. Other approved methods. 
2. Destructive Testing (performed by CQAE with assistance fiom INSTALLER) 

a. 

b. Air Pressure Testing 

Location and Frequency of Testing 
1) Collect destructive test samples at a frequency of one per every 500 lineal feet of 

seam length. 
2) Test locations will be determined afier seaming. 

3) Exercise Method of Attributes as described by GRI GM-14 (Geosynthetic Research 
Institute) to minimize test samples taken. 

b. Sampling Procedures are performed as follows: 
1) INSTALLER shall cut samples at locations designated by the CQCE as the seaming 

progresses in order to obtain field laboratory test results before the geomembrane is 
covered. 

2) CQCE will number each sample, and the location will be noted on the installation as- 
built. 

3) Samples shall be twelve (12) inches wide by a minimum of 34 mches with the seam 
centered lengthwise. 

4) Cut a 2-inch wide strip Corn each end of the sample for field-testing. 
5 )  Cut the remaining sample into two parts for distribution as follows: 

a) One portion for INSTALLER, 12-inches by 12 inches 
b) One portion for the Third Party laboratory, 12-inches by 18-inches 
c) Additional samples may be archived if required. 

6) Destructive testing shall be performed in accordance with ASTM D 6392, Standard 
Test Method for Determining the Integrity of Non-Reinforced Geomembrane Seams 
Produced Using Thermo-Fusion Methods. 

7) INSTALLER shall repair all holes in the geomembrane resulting from destructive 
sampling. 

8) Repair and test the continuity of the repair in accordance with these Specifications. 
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3. FailedSeamProcedures . 
1) If the seam fails, INSTqLLER shall follow one of two options: 

a) Reconstruct the seam between any two passed test locations. 
b) Trace the weld to intermediate location at least 10 feet minimum or where the 

seam ends in both directions from the location of the failed test. 
2) The next seam welded using the same welding device is required to obtain an 

additional sample, i.e., if one side of the seam is less than 10 feet long. 
3) If sample passes, then the seam shall be reconstructed or capped between the test 

sample locations. 
4) If any sample fails, the process shall be repeated to establish the zone in which the 

seam shall be reconstructed. 

1. I4 REPAIR PROCEDURES 

A. Remove damaged geomembrane and replace with acceptable geomembrane matkals if damage 
cannot be satisfactorily repaired. 

B. Repair any portion of unsatisfactory geomembrane or seam area failing a destructive or non- 
destructive test. 

C. INSTALLER shall be responsible for repair of defective areas. 

D. Agreement upon the appropriate repair method shall be decided between 
ClX and INSTALLER by using one of the following repair methods: 
1. Patching- Used to repair large holes, tears, undispersed . -  raw materials and contamination by 

foreign matter. 
2. Abrading and Re-welding- Used to repair short section of a seam. 
3. Spot Welding- Used to repair pinholes or other minor, localized flaws or where geomembrane 

.E. 

thickness has been reduced. 
4. Capping- Used to repair long lengths of failed seams. 
5.  Flap Welding- Used to extrusion weld the flap (excess outer portion) of a fusion weld in lieu of 

a full cap. 
6. Remove the unacceptable seam and replace with new material. 

The following procedures shall be observed when a repair method is used: 
I .  All geomembrane surfaces shall be clean and dry at the time of repair. 
2. Surfaces of the polyethylene that are to be repaired by extrusion welds shall be lightly abraded 

to assure cleanliness. 
3. Extend patches or caps at least 6 inches for extrusion welds and 4 inches for wedge welds 

beyond the edge of the defect, and around all comers of patch material. 

F. Repair Verification 
1. Number and log each patch repair (performed by CONSULTANT). 
2. Nondestructively test each repair using methods specified in this specification. 

1-15 MEASUREMENT AND PAYMENT 

A. Measurement for Payment 

Make measurements of time and materials necessary to support monthly 
project status reports that include an estimate of project percent complete. 
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Payment 

. Payment will-be made as outlined in Section 01270: MEASUREMENTS AND PAYMENTS.. 

Table 1.1: MinimumValues for Smooth 
Black-Surfaced LLDPE Geomembranes 

ASTM D 5199 

Notes: 
' Some test procedures have been modified for application to gcosynthetiw All procedures and values 
arc subject to change Without prior notification. 
Only near spherical agglomerates arc considaed. 9 of IO vicws shall be Category I or 2. 
No more than one view Category 3. 

Table 12:  Minimum Values for Textured Black Surfaced 
LLDPE Geomembranes 

Minimum Averane ASTM D 5994 
Lowest Individual Reading 

Asperity Height GRI GM 12 Note 2 

Carbon Black Content, % 

Density, g/m3 ASTM D 1505 0.92 

2.0 ASTM D 1603, 
modified 

are subject to change without prior notification. 
* IO mil average. 8 of I O  readings >= 7 mils. Lowest individual reading >=S mils. 
' Only near spherical agglomerates are considend. 9 of IO views shall be Category I or 2. No more 

' Ihe combination of strtss conanbations due to cocxtrusion kxturc gametry and the small span-m 
avaage roll valua. 

than one view Category 3. 

size rrsults m large variations of test results. M o r e ,  UICSC &le ptopcrties 
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Table 13: Minimum Weld Values for LLDPE Geomembranes 

i 

***END OF SECTION*** 
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SPEC-02226-0947 
GEOSYNTFETIC CLAY LINER (GCL) 

PART 1 - GENERAL 

1.01 SUMMARY 

A. Specifications and guidelines for manufacturing and installing GCL liner systems. All 
activities performed by the SUBCONTRACTOR shall be in accordance with all applicable 
Federal, State, and local laws and regulations. 

1.02 DEFINITIONS 
I 

A. Construction Quality Assurance Engineer (CQAE) - Party, independent &om 
MANUFACTURER and INSTALLER that is responsible for observing and documenting 
activities related to quality assurance during the lining system construction. 

B. DESIGNER- The individual or firm responsible for the design and preparation of the 
project’s Contract Drawings and Specifications. 

C. GCL Manufacturer (MANUFACTURER) - The party responsible for manufacturing the 
geomembrane rolls. 

D. Geosynthetic Quality Assurance Laboratory (TESTING LABORATORY)- Party, 
independent !?om the MANUFACTURER and INSTALLER, responsible for conducting 
laboratory tests on samples of geosynthetics obtained at the site or dlrring manufacturing, 
usually under the direction of the CONTRACTOR. 

E. INSTALLER- Party responsible for field handling, transporting, storing, deploying, seaming 
and testing of the GCL seams. 

F. Panel- Unit area of a GCL that will be seamed in the field that is larger than.lOO fi’. 

G. Patch- Unit area of a GCL that will be seamed in the field that is less than 100 ft2. 

H. Subgrade Surface- Soil layer surface that immediately underlies the geosynthetic 
material (s) . 

1.03 SUBMITTALS 

A. Prior to installation: 

1. 

2. 

3 .  

4. 

Identification of bentonite (usually sodium montmoHiooite) used for production of 
GCL. 
Results of quality control tests conducted by GCL Manufacturer to verify that 
bentonite supplied met GCL Manufacturer’s specifications. 
Written certification that minimum values given in Specifications are guaranteed by 
Manufacturer. 
Quality control certificates, signed by responsible party employed by Manufacturer. 
Each quality control certificate shall include roll identification numbers, testing 
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prdcedures, and results of quality control tests. At a minimum, the following quality 
control tests must be performed by the Manufacturer and the listed fiequencies: 

a. 
b. 

c. 
d. 
e. 
f. 
g- 

GCL Peel Strength (ASTM D 4632) - I per 40,000 f??. 
GCL Internal Shear Strength (ASTM D 6243) - receive QNQC approval of 
Manufacturer's frequency. 
GCL Permeability (ASTM D 5084 or ASTM D 5887) - 1 per week. 
GCL Index FIux (ASTM D 5887) - 1 per week. 
Bentonite Mass Per Unit Area (ASTM D 5993) - I per 40,000 A*. 
Bentonite Moisture Content (ASTM D 2216 or D 4643) - I per 100,000 Ibs. 
Bentonite Swell Index (ASTh4 D 5890) - 1 per 100,000 Ibs. 

5. Verification that needle punched nonwoven geotextiles have been inspected 
continuously for broken needles. 

6. Any test results not meeting the requirements listed above will result in rejection of 
the applicable GCL roll. 

7. Manufacturer's guidance documents and installation manuals for review and 
approval by the CTR and DESIGNER. 

B. Submit in accordance with Section 01305: SUBMITTAL PROCEDURES. 

1.04 QUALITY ASSURANCE 

A. 
samples. 

SUBCONTRACTOR shall inventory GCL rolls and obtain laboratory conformance 

B. One sample representing each 100,000 sq ft of material delivered shall be tested for: 

1 - 
2. 
3. 
4. 
5 .  
6. 
7. 

GCL Peel Strength (ASTM D 4632). 
GCL Internal Shear Strength (ASTM D 6243). 
GCL Permeability (ASTM D 5084 or ASTM D 5887). 
GCL Index Flux (ASTM D 5887). 
GCL Moisture Content (ASTM D 2216 or D 4643). 
Bentonite Mass per unit area (ASTM D 5993) 
Bentonite Swell Index (ASTM D 5890). 

C. Material not meeting Specification shall be rejected and removed from site at 
SUBCONTRACTOR'S expense. 

1.05 DELIVERY, STORAGE, AND HANDLING 

A. 

B. 

SUBCONTRACTOR is responsible for providing protected GCL storage area. 

Protect GCL from ultraviolet light exposure, moisture, excessive humidity, puncture, 
cutting, or other damaging conditions. 

C. Identify rolls of GCL with following: 
. 1 - Manufacturer's name; 

2. Product identification. 
3. Roll number. 
4. - Roll dimensions. 

.. : .. .  

'L .J 
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5. Lotnumber- 
6. Manufacturer date. 

Handle rolls in accordance with ASTM D4873. D. 

Property 

Permeability 

Mass Per Unit Area 
1. Bentonite Content 

1.06 MEASUREMENT AND PAYMENT 

Method Value 
ASTM D 

5084 

ASTM D5993 

5x 1 0-9 c d s e c  max. 

0.75 lb/ff dry weight 

A. Measurement for Payments: 

2. Geotextile Lower Layer 
3. Geotextile Upper Layer 

1. Payment for geosynthetic clay liner installation will be as per contract unit price 
per square foot, as measured parallel to liner surface, including designed anchor 
trench material and is based upon net lined area. 
Net lined area is defined to be the h e  area of all surfaces to be lined plus ' 

designed burial in all anchor trenches, rubsheets, and sacrificial layers. 
Prices shall include full compensation for Furnishing all labor, material, tools, 
equipment, and incidentals. 
Prices also include doing all the work involved in performing geosynthetic clay 
liner installation completely as shown on the drawing, as specified herein, and as 
directed by the CTR. 

2. 

3. 

4. 

min. 
3.1- odyd2 min. ASTM D5261 

ASTM D5261 6.0 odyd2 min. 

B. Payment: 

2. Geotextile Lower Layer 
3. Geotextile Upper Layer 

1 Include cost of work listed herein in time and materials price bid. 

I I 

3.1- odydz min. ASTM D5261 
ASTM D5261 6.0 odyd2 min. 

PART 2 - PRODUCTS 

2.01 MATERIALS 

A. GCL will be obtained by SUBCONTRACTOR. 

(Non-Woven) 
Shear Strength 

B. Manufacturers: 

ASTM D6243 500 psf 

1. 
2. Or equal. 

GCL Properties (see also QNQC Plan Table 4.1): 

Bentomat ST - Manufactured by CETCO, Lovell, Wyoming. 

C, 
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I GEOSYNTHETIC CLAY LINER - EAST FACE 
USE CETCO BENTOMATDN OR E Q U I V m N T  

Value 
~ 

Property Method 

Permeability ASTM D 1 

PART 3 - EXECUTION 

Surface preparation, installation, repair, and GCL protection must be performed in a manner 
consistent with Manufacturer’s guidance documents and installation mariuals. 

3.01 . EXAMINATION 

A. Insure supporting soil surface for GCL is below 100% saturation and fiee of debris or 7 
materials that could damage rolls. 

3.02 INSTALLATION 

A. Overlap GCL seams minimum of 6 in. on edge seams and minimum of 24 in. on end 
seams after shrinkage and before placing FML. 

’B. Do not deploy more GCL in one day than can be covered by end of that day. 

C. Repair perforations or cuts in GCL with additional GCL layer extending 1 ft past edge of 
perforation or cut in each direction. 

Handle rolls as recommended by manufacturer to minimize loss of bentonite along edges 
during deployment. 

Remove GCL exposed to moisture and prematurely hydrated prior to placement of 
overlying material and replaced with new GCL. 

D. 

E. 

3.03 GCL PROTECTION 

. .  . . 

All GCL installed during a shift must be covered with I O ”  cushion layer soil by the end of the 
shift. No installed GCL will be left exposed at the end of a work shift. 

A. Materials placed on top of GCL shall comply with following: 

SPEC4222609474 . .  



I .  
2. 
3. 

GCL and underlying materials are not damaged. 
Minimum slippage of GCL on underlying layers occurs. 
No excess tensile stress occurs in GCL. 

***END OF SECTION*** 
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SPEC-022274948 
EROSION MATTING 

ATTACHMENTS: Staple Patterns “A” through “E’ from North American Green 

.._. .. 

PART 1 GENERAL 

1.01 

1.02 

SUMMARY 

This specification section covers the supply and installation of synthetic erosion controls for ‘the 
channels and slopes of the embankments as shown on the Drawings. All activities perform$ by 
the SUBCONTRACTOR at any tier shall be in accordance with all applicable Federal, State, and 
local laws and regulations. All activities performed by the SUBCONTRACTOR shall be in 
accordance with all applicable Federal, State, and local laws and regulations. 

REFERENCES 

The publications listed below form’a part of this specification to the extent referenced. The 
publications are referred to in the text by basic designation only. The most recent version of the 
reference test methods shall be used in all cases. 

AMERICAN SOClETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 1682 Standard Test Method for Measuring Tensile Strength and Percent Strength Retention of 
Material after lo00 hours of Exposure in Xenon-Arc Weatherometer 

ASTM D 4355 Standard Test Method for Deterioration of Geotextiles from Exposure to Uitmviolet Light 
and Water (Xenon-Arc type Apparatus) 

ASTM D 5035 Standard Test Method for Breaking Force and Elongation of Textile Fabrics (Strip 
Method) 

ASTM D 5199 Standard Test Method for Measuring Thickness of Textile Materials 

ASTM D 5261 Standard Test Method for Mass Per Unit Area of Geotextiles 

1.03 GENERAL 

The SUBCONTRACTOR shall implement the storm water pollution prevenr.m measures 
specified in this section and in Section 02228: EROSION CONTROL in a manner which will 
ensure that all soils are retained on-site. 

1.04 SUBMIITALS 

The following shall be submitted in accordance with Section 01300: SUBMITTAL 
DESCRIPTIONS and Section: 01305 SUBMITTAL PROCEDURES: 

Manufacturing, Sampling, and Testing 

_-.. . SPEC-02227-0948- I 



1.05 

A minimum of 14 days pnor to scheduled use, erosion mat manufacturer's quality control manual 
including instructions for storage, handling, installation. seaming, and repair. 

Erosion Mat 

A minimum of 14 days pnor to scheduled use, Manufacturefs certificate of compliance stating that 
the erosion mat meets the requirements of this section. This submittal shall include copies of 
manufacturer's quality control test results. The certificate of compliance shall be attested to by a 
person having legal authority to bind the erosion mat manufacturing company. 

- -- - 

CONSTRUCTION QUALlTY ASSURANWQUALITY CONTROL 

The SUBCONTRACTOR shall abide by all qualification and submittal requirements of the 
Construction Quality Assurance / Quality Control Plan (QNQC) and the Field Implementation 
Plan Work Control Document (FIP WCD). 

. _ _  -. 
Work will be monitored and tested in accordance with the requirements of Construction QNQC 
plan. 

The SUBCONTRACTOR shall be aware of all activities outlined in the Construction QNQC 
plan, and the SUBCONTRACTOR shall account for these activities in the construction schedule. 

1.06 MEASUREMENT AND PAYMENT 

A. Measurement for Payment 

Make measurements of time and materials necessary to support monthly 
project status reports that include an estimate of project percent complete. 

€3. Payment 

Payment will be made as outlined in Section 01270 MEASUREMENTS AND 
PAYMENTS. 

PART2 PRODUCTS 

2.01.1 SYNTHETIC EROSION CONTROL MATERIAIS 

A. Temporary (2-year longevity) erosion control blanket shall be a machine-produced mat 
consisting of 70 percent straw and 30 percent coconut fiber. 

The blanket shall be of consistent thickness with the straw and coconut fiber evenly 
dismbuted over the entire area of the mat. The blanket shall be covered on the top side 
with heavyweight photodegradable polypropylene netting having ultraviolet additives to 
delay breakdown and an approximate 5/8-inch by 5/8-inch mesh, and on the bottom side 
with an approximate 1/2-inch by 1/2-inch mesh. The blanket shall be sewn together on 
1 -5-inch centers with degradable thread. . 
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Straw/coconut fiber erosion control blanket shall be NAG SC150 as manufactured by 
North American Green, or Lead Engineer-approved equivalent. The NAG SC150 erosion 
control blanket shall conform to Table SPEC-022274948-1 - 

Table SPEC-02227-0948-1 

I Weight I 40 Dounds +/- 10 Dercent I 
I Area I 80vd2 I 
I Stitch spacing I 1.5 inches I 

B. The composite turf reinforcement mat (C-TRM) shall be a machine-produced mat of 
100% coconut fiber matrix incorporated into a permanent three-dimensional turf 
reinforcement matting. 

The matrix shall be evenly distributed across the entire width of the matting and stitch 
bonded between a super heavy duty UV stabilized bottom net with 0.50 x 0.50 inch 
(1.27 x 1.27 cm) openings, an ultra-heavy duty UV stabilized, dramatically cormgated 
(crimped) intermediate netting with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings. The 
cormgated netting shall form prominent closely spaced ridges across the entire width of 
the mat. The three nettings shall be stitched together on 1.50 inch (3.81 cm) centers with 
W stabilized polypropylene thread to form a permanent three-dimensional turf 
reinforcement matting. 

All mats shall be manufactured with a colored thread stitched along both outer edges 
(approximately 2-5 inches [5-12.5 cm] from the edge) as an overlap guide for adjacent 
mats. 

The permanent erosion controVturf reinforcement mat shall conform to Table SPEC- 
02227-0948-2. Permanent erosion controllturf reinforcement mat shall be C350 as 
manufactured by North America Green, or Lead Engineer-approved equivalent. 
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Table SPEC-02227-0948-2 

. .  . . . ... ,_C. . .  t . ,  , Test Metbod..’ :’:’: :::.Property. : . . .. ’_ . .  ... 
.. . .... :.. . . :..;-,:. . , , ,,. ..,.-I . . ., . - 
Thickness ASTM D 6525 

Density ASTM D 792 
Mass per Unit Area ASTM D 6566 . 
Porosity ECTC. Guidelines 
Open Volume per Unit Area ECTC Guidelines 
Stiffness ASTM D I38s/ECrC 

Resiliency ASTMD 1777 - 

-- - 
. 

I Lieht Penetration I ECTC Guidelines 

ASTM D 6818 
[ASTM D 50351 
ASTM D 6818 
[ASTM D 50351 
ASTM D 6818 
IASTM D 50351 

MD Elongation 

TD Tensile Strength 

TD Elongation 

ASTM D 6818 
[ASTM D 50351 MD Tensile Strength 

I MD Tensile Strength at 10% elongation I ASTM D 5035 

Length Measured D Weight Measured 
I Measured 
I 

MD = Machine Direction 
TD = Transverse Direcrion 

Value ’ 
0.67 
90 
0.528 
12.57. 
99 
789 
3.83 
9 

625 

22 

768 

15 

232 
488 

i :’ q 
units I 

in’lyd’ I 

[658IbdftJ !’ I 
(8.50%) 

(910 Ibdft] 

(10.90%] 1 

PART 3 EXECUTION 

3.01 INSTALLATION OF SYNTHETIC EROSION CONTROL MATERIAL IN CHANNELS 

A. Preparation 

1. Prepare soil before installing blankets, including application of lime, fertilizer, and 
seed. 

B. Placement 

I .  Begin 10 feet back from the top of the channel by anchoring the blanket in a 6- 
inch deep by 6-inch wide trench. Staple into trench and backfill per 
manufacturer’ s recommendations. 

2. 

3. 

Roll center blanket in direction of water flow on bottom of channel. 

Place blankets end over end (shingle style) with a 6-inch overlap. Use a double 
TOW of staggered staples 4 inches apart to secure blankets. 
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-3.03 

4. 

5. 

6.  

7. 

8. 

Full length edge blankets at top of side slopes must be anchored in 6-inch deep by 
6-inch wide trenches. Staple into trench and backfill per manufacturer’s 
recommendations. 

Blankets on side slopes must be overlapped 4 inches (2 inches for NAG C350 
matting) over the center blanket and stapled. 

Staple the entire length over the width of the channel. Staple pattern “D” will be 
used for Channel 1 to 2, Channel 1 to 5 ,  Channel 5 to 6, and Channel 5 to 8; 
staple pattern “E” will be used for Channel 2 to 3, Channel 3 to 4, Channel 6 to 7, 
and Channel 7 to 4. All erosion blankets shall receive staples as shown on the 
Drawings. See Section 3.04 for staple patterns. 

In Channel 7 to 4, Channel 2 to 3, and Channel 3 to 4, a staple check slot shall be 
installed at 30 to 40 foot intervals. Use a row of staples 4 inches apart over entire 
width of channel. Place a second row 4 inches below the first row in a staggered 
pattern. 

The terminal end of the blankets must be anchored in a 6-inch deep by &inch 
wide trench. Staple mto trench and backfill per manufacturer’s recommendations. 

INSTALLATION OF SYNTHETIC EROSION CONTROL MATERIAL ON SLOPES 

A. Preparation . _ -  

Prepare soil before installing blankets, including application fertilizer, and seed. 

B. Placement 

1. 

2. 

3. 

4 

5. 

6. 

7. 

The NAG SC150 erosion controllturf reinforcement mat for 4H:lV slopes and 
other designated areas as shown on the Drawings. The entire east slope of the 
landfill will receive NAG C350 mat. All remaining 4H:IV side slopes of the 
landfill cover will receive NAG SC150 mat (north, south, west side slopes). 

. . -  

Begin 10 feet back from the top of the slope by anchoring the blanket in a 6-inch 
deep by 6-inch wide trench. 

Staple into trench and bacMill per manufacturer’s recommendations. 

Roll the blankets down or horizontally across the slope. 

The edges of parallel blankets must be stapled with approximately 5-inch overlap. 

When blankets must besplked down the slope, place blankets end over end 
(shingle style) with approximately 4-inch overlap. Water should flow from 
upslope mat onto downslope mat without flowing under. Staple through 
overlapped area, approximately 12 inches apart. 

Staple the entire length over the width of the slope. Use the recommended staple 
pattern from paragraph 3.04 based on application. slope, and slope length. 
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3.04 STAPLE PATERNS D 
A. General 

The following staple patterns shall be used for erosion control materials placed on slopes. 

B. 

C. 

. .  
Staple Pattern *‘A” ....... . . . . - .  ...... . .  ...... .. . . . . _.. . . . . .  .... 

0.7 staples per square yard using 6-inch, 11 gauge. Wire “W’ staples. 8-inch staples and 
longer may be used for loose soils. 9 gauge wire staples or beavier may be neceSSary in 
hard or rocky soils. Staples shall be placed along the long edge at 6.0-foot intervals and 
staggered along the shorter edge at 6.5-foot intervals. See the attached Staple Pattern 
Template at the end of the Specification. 

Staple Pattern “B” 

1.15 staples per square yard using 6-inch, 1 1 gauge. Wire ”U” staples. 8-inch staples and 
longer may be used for loose soils. 9 gauge wire staples or heavier may be necessary in 
hard or rocky soils. Staples shall be placed along the long edge at 6-foot intervals and 
staggered along the shorter edge at 3-foot intervals and 15-foot intervals h m  the edge. 
See the Staple Pattern Template at the end of the Specification. 

D. Staple Pattern “C” 

1.7 staples per square yard using 6-inch. 1 1 gauge. Wire ‘T staples. 8-inch staples and 
longer may be used for loose soils. 9 gauge wire staples or heavier may be necessary in 
hard or rocky soils. Stqlesshall be placed along the long edge at 4-foot intervals and 
staggered along the shorter edge at 2-foot intervals and 1 -5-foot. intervals from the edge. 
See the Staple Pattern Template at the end of the Specification. 

.. 
..- 

. .. .. _- .. _- 
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3.05 

3.06 

E. Staple Pattern "D" 

3.4 staples per square yard using 6-inch, 1 1 gauge. Wire "U'' staples. 8-inch staples and 
longer may be used for loose soils- 9 gauge wire staples or heavier may be necessary in 
hard or rocky soils. Staples shall be placed along the long edge at 2-foot intervals and 
along the shorter edge at 20-inch intervals. See the Staple Pattern Template at the end of 
the Specification. 

F. Staple Pattern "E" 

3.75 staples per square yard using 6-inch, 11 gauge. Wire W" staples. 8-inch staples and 
longer may be used for loose soils. 9 gauge wire staples or heavier may be n e c e s s 4  in 
hard or rocky soils. Staples shall be placed along the long edge at 2-foot intervals. ,Short 
edge rows shall alternate between 20-inch intervals starting at the edge and 20-inch 
intervals starting from an additional staple placed 10 inches from the edge. See the Staple 
Panern Template at the end of the Specification. 

MAINTENANCE 

The SUBCONTRACTOR shall maintain the temporary and permanent vegetation, erosion 
and sediment control measures, and other protective measures in good and effective 
operating condition by performing routine inspections to determine condition and 
effectiveness, by restoration of destroyed vegetative cover, and by repair of erosion and 
sediment control measures and other protective measures. 

INSPECTIONS 

A. General 

The SUBCONTRACTOR shall inspect disturbed areas of the construction site, areas used 
for storage of materials that are exposed to precipitation that have not been finally 
stabilized, stabilization practices, structural practices, other controls, and area where 
vehicles exit the site at least once every 14 calendar days and within 24 hours of the end of 
any storm that produces 0.5 inches or more rainfall at the site. Where sites have been 
finally stabilized, such inspection shall be conducted at least once every month. 

B. Inspections Details 

Disturbed aceas and areas used for material storage that are e x e d  to precipitation shall 
be inspected for evidence of, or the potential for, pollutants entering the drainage system. 
Erosion and sediment control measures be observed to ensure that they are operating 
correctly. Discharge locations or points shall be inspected to ascertdn whether erosion 
control measures are effective in preventing significant impacts to receiving waters. 
Locations where vehicles exit the site shall be inspected for evidence of offsite sediment 
tracking. 

. .  

. . _. . . .. .- .. . . . .. , -,. .. 
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. .  c- hspeaionReports. . . .  

For each inspection conducted, the SUBCONTRACTOR shall prepare a report 
summarizing the scope of the inspection, name(s) and qualifications of personnel making 
the inspection. the date@) of the inspection. maintenance performed, and actions taken. 

A copy of the inspection report shall be submitted to the Site CQA Manager and a copy 
shall be maintained on the job site. 

***END OF SECTION*** 
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ATTACHMENT 

STAPLE PA’ITERNS “Ayy THROUGH “E” FROM NORTH AMERICAN GREEN 



6' (1.8m) 

*2'-5' (5cm-12.5cm) 1 1 b- *2'-5' (5cm-12.5~) A, 

v 
I I I 
I 3' (o.9m) I /-%om Stitch- 
I 
I I 
I I 
I J 3.3' (1.0m) 
I I 

I )I) 
I I 

I I 
I 
I I 

J L 

0 I 

Y - 

1.15 STAPLES PER SO. YD. 
(1.35 STAPlEs PER SO. M) 

For blonkets with the optionol North Americon 
Green DOT System- ploce stoples/stokes 
throuqh each of the RED colored dots. 

*2'-5' (5cm 

NORTH 
AMERICAN 

GREEN 
14649 HffiHWAY 41 NORTH 

EVANSVILLE. IN 47725 
USA 1800-772-2Wo 

CANADA1-8aN4a2040 
-nag1C33I- 

1.7 SkPLES PER so. YD. 
(2.0 STAPLES PER SO. M) 

For blonkets with the optionol North Americon 
Green DOT Systemm ploce stoples/stokes 

through eoch of the GREEN colored dots. 

V - 5 '  (5cm-12.km) 

.- 

+2'-5' (5cm-12.5cm) 

1"""1 0 0 0  

3.4 STAPLES PER SO. YD. 
(4.1 STAPLES PER SO. M) 

For blonkets wi th  the optionol North Americon 
Green DOT Systemm ploce stoples/stokes 

through eoch of the WHITE colored dots. 

I 

*Location of Seam StitchTYwiII vary depending 

II 
!I  _ _ - -  ;I  

3.75 STAPLES PER SO. YD. 
(4.5 STAPLES PER SO. M) 

For blonkets wi th  the optionol North Americon 
Green DOT System" ploce stoples/stokes 

through eoch of the W O W  colored dots. 

on North American Green product type: 
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SPEC-02228-0949 
EROSION CONTROL 

PART1 GENERAL 

1-01 

1.02 

1.03 

I .04 

SUMMARY 

A. Specifications for erosion control components and their installation. All activities 
performed by the SUBCONTRACTOR shall be in accordance with all applicable 
Federal, State, and local laws and regulations. 

REFERENCES 

The publications listed below form a part of this specification to the extent referenced. The 
publications are referred to in the text by basic designation only. The most recent version of the 
reference test methods shall be used in all cases. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM D 3786 Hydraulic Bursting Strength of Knitted Goods and Nonwoven Fabrics - 
Diaphragm Bursting Strength Tester Method 

ASTM D 4439 Standard Terminology for Geotextiles 

ASTM D 4491 Water Permeability of Geotextiles by Permittivity 

ASTM D 4533 

ASTM D 4632 

ASTM D 4751 

ASTM D 4873 

GENERAL 

The SUBCONTRACTOR shall implement the storm water pollution prevention measures 
specified in this section, and outlined in the Field Implementation Plan Work Control Document 
(FIP WCD), in a manner which will ensure that all soils are retained on-site. 

EROSION AND SEDIMENT CONTROLS 

The controls and measures required by the SUBCONTRACTOR are desciibed below. 

A. Stabilization Practices 

Trapezoid Tearing Strength of Geotextiles 

Grab Breaking Load and Elongation of Geotextiles 

Determining Apparent Opening Size of a Geotextile 

Identification, Storage, and Handling of Geotextiles 

The stabilization practices to be implemented shall include geotextiles, erosion control 
mats, and preservation of mature vegetation. On the Daily Quality Control (QC) Report, 
the SUBCONTRACTOR shall record the dates when the major grading activities occur; 
when construction activities temporarily or permanently cease on a portion of the site; 
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and when stabilization practices are initiated. Except as provided in the paragraphs 
below, stabilization practices shall be initiated as soon as practicable, but no more than 14 
days, in any portion of the site where construction activities have permanently ceased. 

I .  Unsuitable Conditions 

Where the initiation of stabilization measures by the fourteenth day after 
construction activity permanently ceases is precluded by unsuitable conditions 
caused by the weather as determined by the Site CQA Manager, stabilization 
practices shall be initiated as soon as practicable after conditions become 
suitable. 

2. No Activity for Less Than 2 1 Days 

Where construction activity will resume on a portion of the site within 2 1 days 
from when activities ceased (e.g., the total time period that construction activity 
is temporarily ceased is less than 21 days), then stabilization practices do not 
have to be initiated on that portion of the site by the fourteenth day after 
construction activity temporarily ceased. 

B. Structural Practices 

Structural practices shall be implemented to divert flows from exposed soils, temporarily 
store flows, or otherwise limit runoff and the discharge of pollutants from exposed areas 
of the site. Structural practices shall be implemented in a timely manner during the 
construction process to minimize erosion and sediment runoff. Structural practices shall 
include the following devices. 

I .  Silt Fences 

The SUBCONTRACTOR shall maintain existing silt fences and provide 
additional silt fences as necessary for temporary structural practice to minimize 
erosion and sediment runoff- Silt fences shall be properly installed to effectively 
retain sediment immediately after completing each phase of work where erosion 
would occur in the form of sheet and rill erosion ( e g  clearing and grubbing, 
excavation, embankment, and grading). Silt fences shall be installedmaintained 
in the locations indicated on the drawings. Final removal of silt fence barriers 
shall be upon approval by the Site CQA Manager and the CONTRACTOR. 

2. Straw Bales 

The SUBCONTRACTOR shall provide bales of straw as a temporary structural 
practice to minimize erosion and sediment runoff. Bales shall be properly placed 
to effectively retain sediment immediately after completing each phase of work 
(e.& clearing and grubbing, excavation, embankment, and grading) in each 
independent runoff area (e.g., after clearing and grubbing in a area between a 
ridge and drain, bales shall be placed as work progresses, bales shall be 
removedheplacedrelocated as needed for work to progress in the drainage area). 
Areas where straw bales are to be used are shown on the drawings. Final 
removal of straw bale barriers shall be upon approval by the Site CQA 
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Manager and the CONTRACTOR. Rows of bales of straw sf;BII be provided 
as follows: 
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a. Along the downhill perimeter edge of all areas disturbed. 

b. Along the top of the slope or top bank of drainage ditches, channels, 
swales, etc. that traverse disturbed areas. 

C. Along the toe of all cut slopes and f i l l  slopes of the construction areas. 

d. Perpendicular to the flow in the bottom of existing drainage ditches, 
channels, swales, etc. that traverse disturbed areas or carry runoff from 
disturbed areas. 

e. Perpendicular to the flow in the bottom of new drainage ditches, 
channels, and swales. 

f. At the entrance to culverts that receive runoff from disturbed areas. 

1.05 SUBMITTALS 

The following shall be submitted in accordance with Section 01 305: SUBMITTAL PROCEDURES: 

0 List of proposed equipment to be used in performance of construction work including descriptive 
data. 

Suppliers' Test Results demonstrating compliance with this specification and the Construction 0 

Quality Assurance/Quality Control Plan (QNQC). 

Certified waybills and delivery tickets for all materials. 

I .06 CONSTRUCTION QUALITY ASSURANCWQUALITY CONTROL . 

The SUBCONTRACTOR shall abide by all qualification and submittal requirements of the 
QNQC plan, the Erosion Control and Storm Water Management Plan Work Control Document 
(EC&SWM WCD), and the Field Implementation Plan Work Control Document (FIP WCD). 

Work will be monitored and tested in accordance with the requirements of the EC&SWM WCD. 

The SUBCONTRACTOR shall'be aware of all activities outlined in the EC&SWM WCD and the 
CQMQC WCD, and the SUBCONTRACTOR shall account for these activities in the 
construction schedule. No additional cost to the CONTRACTOR shall be allowed by the 
SUBCONTRACTOR as a result of the performance of the QNQC activities. 

Payment and prices for erosion control will be included within the payment and cost for earth 
work activities. 

1.07 MEASUREMENT AND PAYMENT 

A. Measurement for Payment 

Make measurements of time and materials necessary to support monthly 
project status reports that include an estimate of project percent complete. 

SPEC-02228-0949-4 



B. Payment 

Payment will be made as outlined in Section 01270: MEASUREMENTS AND PAYMENT. 

PART 2 PRODUCTS 

2.01 COMPONENTS FOR SILT FENCES 

A. Filter Fabric 

The geotextile shall comply with the requirements of ASTM D 4439, and shall consist of 
polymeric filaments which are formed into a stable network such that filaments retain 
their relative positions. The filament shall consist of a long-chain synthetic polymer 
composed of at least 85 percent by weight of ester, propylene, or amide, and shall contain 
stabilizers and/or inhibitors added to the base plastic to make the filaments resistance to 
deterioration due to ultraviolet and heat exposure. Synthetic filter fabric shall contain 
ultraviolet ray inhibitors and stabilizers to provide a minimum of six months of expected 
usable construction life at a temperature range of 0 to 120 degrees F. Unless otherwise 
approved by the Site CQA Manager or CTR, the filter fabric shall meet the following 
requirements: 

Filter Fabric For Silt Screen Fence 
Physical Property Test Procedure StrenHh Requirement 
Grab Tensile Elongation (%) ASTM D 4632 (30% max.) 100 Ibs. min. 
Trapezoid Tear ASTM D 4533 55 lbs. min. 
Mullen Burst ASTM D 3786 270 Ibs. min. 
Permittivity ASTM D 4491 0.2 sec-l 
AOS (US. Std Sieve) ASTM D 475 1 20- 100 

B. Silt Fence Stakes and Posts 

The SUBCONTRACTOR may use either wooden stakes or steel posts for fence 
construction. Wooden stakes utilized for silt fence construction shall have a minimum 
cross section of 2 inches by 2 inches when oak is used and 4 inches by 4 inches when 
pine is used, and shall have a minimum length of 5 feet. Steel posts (standard "U" or "T" 
section) utilized for silt fence construction, shall have a minimum weight of I .33 pounds 
per linear foot and a minimum length of 5 feet. 

C. Mill Certificate or Affidavit 

A mill certificate or affidavit shall be provided attesting that the fabric and factory seams 
meet chemical, physical, and manufacturing requirements specified above. The mill 
certificate or affidavit shall specify the actual Minimum Average Roll Values and shall 
identify the fabric supplied by roll identification numbers. The SUBCONTRACTOR 
shall submit a mill certificate or affidavit signed by a legally authorized official from the 
company manufacturing the filter fabric. 
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D. Identification Storage and Handling 

Filter fabric shall be identified, stored and handled in accordance with ASTM D 4873. 

2.02 COMPONENTS FOR STRAW BALES 

The straw in the bales shall be stalks from oats, wheat, rye, barley, or rice, furnished in air-dry 
condition. The bales shall have a standard cross section of 14 inches by 18 inches. All bales 
shall be either wire-bound or string-tied. The SUBCONTRACTOR may use either wooden 
stakes or steel posts to secure the straw bales to the ground. Wooden stakes utilized for this 
purpose, shall have a minimum dimensions of 2 inches x 2 inches in cross section and shall have 
a minimum length of 3 feet. Steel posts (standard "U" or "T".section) utilized for securing straw 
bales, shall have a minimum weight of 1.33 pounds per linear foot and a minimum length of 3 
feet. The Site CQA Manager will verify the condition and components of the straw bales. 

PART 3 EXECUTION 

3.01 INSTALLATION OF SILT FENCES 

Silt fences shall be installed to reduce sediment loss. Silt fences shall be installed in accordance 
with manufacturer's recommendations A six-inch deep trench shall be dug just outside the 
upstream side of the posts for the full length of the silt fence. Set the posts a maximum of 8 feet 
on center. Drive the posts into the ground so that no more than 3 feet protrudes about the ground. 
Steel wires, or similar strengthening, shall be installed to support the fence posts in areas where 
the potential for heavy hydraulic/sediment loading may occur. Attach the fabric to the posts, and 
place the fabric into the trench and backfill and compact the soil. All splice joints shall overlap a 
minimum of 18 inches. Silt fences shall be removed at the decision of the Site CQA Manager. 

3.02 INSTALLATION OF STRAW BALES 

Straw bales shall be placed in a single row, lengthwise on the contour, with ends of adjacent bales 
tightly abutting one another. Straw bales shall be installed so that bindings are oriented around 
the sides rather than along the tops and bottoms of the bales in order to prevent deterioration of 
the bindings. The barrier shall be entrenched and backfilled. A trench shall be excavated the 
width of a bale and the length of the proposed barrier to a minimum depth of 4 inches. After the 
bales are staked and chinked (gaps filled by wedging with straw), the excavated soil shall be 
backfilled against the barrier. Backfill soil shall conform to the ground level on the downhill side 
and shall be built up to 4 inches against the uphill side of the barrier. Loose straw shall be 
scattered over the area immediately uphill from a straw bale barrier to increase barrier efficiency. 
Each bale shall be securely anchored by at least two stakes driven through the bale. The first 

stake or steel post in each bale shall be driven toward the previously laid bale to force the bales 
together. Stakes or steel pickets shall be driven a minimum 18 inches deep into the ground to 
securely anchor the bales. 
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3.03 MAINTENANCE 

The SUBCONTRACTOR shall maintain the temporary and permanent vegetation, erosion and 
sediment control measures, and other protective measures in good and effective operating 
condition by performing routine inspections to determine condition and effectiveness, by 
restoration of destroyed vegetative cover, and by repair of erosion and sediment control measures 
and other protective measures. The following procedures shall be followed to maintain the 
protective measures. 

A. Silt Fence Maintenance 

Silt fences shall be inspected in accordance with paragraph INSPECTIONS. Any 
required repairs shall be made promptly. Close attention shall be paid to the repair of 
damaged silt fence resulting from end runs and undercutting. Should the fabric on a silt 
fence decompose or become ineffective, and the barrier is still necessary, the fabric shall 
be replaced promptly. Sediment deposits shall be removed when deposits reach one-third 
of the height of the bamer. When a silt fence is no longer required, it shall be removed. 
The immediate area occupied by the fence and any sediment deposits shall be shaped to 
an acceptable grade 

B. Straw Bale Maintenance 

Straw bale barriers shall be inspected in accordance with paragraph INSPECTIONS. 
Close attention shall be paid to the repair of damaged bales, end runs and undercutting 
beneath bales. Necessary repairs to barriers or replacement of bales shall be 
accomplished promptly. Sediment deposits shall be removed when deposits reach one- 
half of the height of the barrier. Bale rows used to retain sediment shall be turned uphill 
at each end of each row. When a straw bale bam'er is no longer required, it shall be 
removed. The immediate area occupied by the bales and any sediment deposits shall be 
shaped to an acceptable grade. 

3.04 INSPECTIONS 

A. General 

The SUBCONTRACTOR shall inspect disturbed areas of the construction site, areas 
used for storage of materials that are exposed to precipitation that have not been finally 
stabilized, stabilization practices, structural practices, other controls, and area where 
vehicles exit the site at least once every seven (7) calendar days and within 24 hours of 
the end of any storm that produces 0.5 inches or more rainfall at the site. Where sites 
have been finally stabilized, such inspection shall be conducted at least once every 
month. 

B. Inspections Details 

Disturbed areas and areas used for material storage that are exposed to precipitation shall 
be inspected for evidence of, or the potential for, pollutants entering the drainage system. 
Erosion and sediment control measures will be observed to ensure that they are operating 
correctly. Discharge locations or points shall be inspected to ascertain whether erosion 
control measures are effective in preventing significant impacts to receiving waters. 

. 
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Locations where vehicles exit the site shall be inspected for evidence of offsite sediment 
tracking. 

C. Inspection Reports 

For each inspection conducted, the SUBCONTRACTOR shall prepare a report 
summarizing the scope of the inspection, name(s) and qualifications of personnel making 
the inspection, the date(s) of the inspection, maintenance performed, and actions taken. 
A copy of the inspection report shall be submitted to the Site CQA Manager and a copy 
shall be maintained on the job site. 

... 
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***END OF SECTION*** 
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SPEC-02245-0950 
STONE AND AGGREGATE MATERIALS 

PART1 GENERAL 

1.01 SUMMARY 

This specification section covers the supply, installation, and testing of stone protection materials 
for the channel and slopes of the embankment as shown on the Drawings. All activities performed 
by the SUBCONTRACTOR or any subcontractor at any tier shall be in accordance with all 
applicable Federal, State, and local laws and regulations. 

I 

1\02 REFERENCES 

The publications listed below form a part of the specification to the extent referenced. The 
publications are referred to in the text by basic designation only. The most recent version of the 
referenced Test Methods shall be used in all cases. 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

ASTM C 88 Soundness of Aggregates by Use of Sodium Sulfate or Magnesium Sulfate 

ASTM C 127 Specific Gravity and Absorption of Coarse Aggregates 

ASTM C 13 1 Resistance to Degradation of Small-size Coarse Aggregate by Abrasion and 
Impact in the Los Angeles Machine 

Method for Particle size Analysis of Soils ASTM D 422 

1.03 SUBMITTALS 

The following shall be submitted in accordance with Section 01305: SUBMlTTAL 
PROCEDURES: 

0 List of proposed equipment to be used in performance of construction work including 

Suppliers’ Test Results demonstrating compliance with Part 2 and riprap geologic source. 

descriptive data. 

0 

0 Certified waybills and delivery tickets for all aggregates 

1.04 UNITPRICES 

A. Waybills and Delivery Tickets 

Copies of waybills and delivery tickets shall be submitted during the progxss of the work. 
Before the final payment is allowed, SUBCONTRACTOR shall file certified waybills and 
certified delivery tickets for all materia1 actually used. 
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1.05 

1.06 

1.07 

.. . B. Measurement . .  

Measurement and payment will be made on a per ton basis of useable rock materials 
delivered and deposited at the project site, whether into a temporary stockpile or directly 
onto the landfill surface. Deductions will be made for any material wasted, unused, or 
rejected. 

EQUIPMENT 

All equipment and tools used in the performance of the work will be subject to approval before the 
work is started and shall be maintained in satisfactory working condition at all times. 

CONSTRUCTION Q U W  ASSURANCEIQUALITY CONTROL 

The SUBCONTRAmOR shall abide by all qualification and submittal requirements of the 
Construction Quality AssurancdQuality Control Plan (QNQC) and the Field Implementation Plan 
Work Control Document (FIP WCD). 

Work will be monitored and tested in accordance with the requirements of the Constsuction 
QMQC plan. 

The SUBCONTRACXOR shall be aware of all activities outlined in the Construction QNQC 
plan, and the SUBCONTRAmOR shall account for these activities in the conshuction schedule. 
No additional cost to the CONTRACTOR shall be allowed by the SUBCONTRACTOR as a result 
of the performance of the quality assurancdquality control activities. 

MEASUREMENT AND PAYMENT 

A. Measurement for Payment 

Make measurements of time and materials necessary to support monthly 
project status reports that include an estimate of project percent complete. 

B. Payment 

Payment will be made as outlined in Section 01270: MEASUREMENTS AND 
PAYMENTS. 

PART 2 PRODUCTS 

2.01 MATERIALS 

A. Bedding Material 

Bedding material ...all consist of sand, gravel, or crushed stone with 3-in. maximum size. 
Bedding material shall be composed of tough, durable particles. reasonably free from thin, 
flat, and elongated particles and containing no organic or soft friable particles in quantities 
objectionable by +e CONTRACTOR, or Site CQA Manager. Uniform gradations shall 
be within the following limits unless otherwise approved by the Site CQA Manager. 

. 
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Table SPEC-02245-0950-1 

visual field gradation test. All tests will be performed by and at the expense of the 
SUBCONTRA(X0R and submitted to the Site CQA Manager. 

Sieve Size Percent Passinn bv Weinht 
3" 90-100 
314" 20-w 
##4 0-20 
#200 0-3 

B. Riprap 

Riprap conforming to the requirements specified above shall have a percentage of wear 
not to exceed 10 percent after 100 revolutions or 40 percent after 500 revolutions as 
determined by ASTM C131. Riprap shall have a percentage loss not to exceed 10 percent 
as determined by ASTM C88 and an absorption of 2 percent or less as determined by 
ASTM C127. 

- 

Table SPEC-02245-0950-2 

RIPRAP GRADATION REQUIREMENTS 
% of material typical stone typical stone 

D, stone size' smaller than dimensions' weight' 
(inches) . typical stone2 (inches) (pounds) 

6 

9 

70- 1 00 
50-70 . 

35-50 
2-10 

70- 100 
50-70 
35-50 
2-10 

12 
9 
6 
2. 

15 
12 
9 
3 

85 
35 
10 

0.4 

160 
85 
35 
1.3 

._. . 
12 70- 1 00 21 440 

50-70 18 27 5 
35-50 . 12 80 
2-10 4 3 

Noies: 
. 'Dm = Nominal stone size 

*Based on typical rock weight 
'Equivalent spherical diameter 
Based on specific gravity=2.60 4 
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C .  3/4-inch Drainage Rock (Free Draining Rock) 

Narrowly graded mixture of natural or crushed gravel, or crushed stone and natural sand; 
ASTM D 448; coarse-aggregate grading Size 67; with 100 percent passing a 25 mm (1 
inch) sieve and 0 t o  5 percent passing a 4.75 mm (No. 4) sieve. 

_ .  
D. Separation Geotextile 

: q" ., 

The geotextile shall comply with the requirements of ASTM D 4439, and shall consist of 
polymeric filaments that are formed into a stable network such that filaments rebin their 
relative positions. The filament shall consist of a long-chain synthetic polymer composed 
of at least 85 percent by weight of ester, propylene, or amide, and shall contain stabilizers 
and/or inhibitors added to the base plastic to make the filaments resistance to deteriqration 
due to ultraviolet and heat exposure. Synthetic filter fabric shall contain ultraviolet ray 
inhibitors and stabilizers to provide a minimum of six months of expected usable 
construction life at a temperature range of 0 to 120 degrees F. Unless otherwise approved 
by the Site CQA Manager or Contractor's Technical Representative (CTR), the filter 
fabric shall meet the following requirements: 

Filter Fabric For Separation Geotextile 
Strennth Rwuirement Physical Property Test Procedure 

Grab Tensile Elongation (9") 100 Ibs. min. 
55 Ibs. min. Trapezoid Tear ASTM D 4533 

Mullen Burst ASTM D 3786 270 Ibs. min. 
0.2 Sec-1 Permittivity ASTM D 4491 
20-100 AOS (US. Std Sieve) ASTM D 475 1 

ASTM D 4632 (30% max.) 

.-.- 

PART 3 EXECUTION 

3.01 PREPARATION 

Areas on which separation geotextile, bedding material, and riprap are to be placed shall be graded 
and dressed to lines and grades shown on drawings and in accordance with Section 021 10: SITE 
PREPARATION. Eroded or washed out areas shall be repaired prior to placement of material. 

I 

3.02 SEPARATION GEO'IEXTILJ3 

A. Place a layer of drainage fabric around perimeter of drainage trench as indicated. Place 
sufficient course of free draining rock material on drainage fabric to support drainage pipe, 
as application dictates. Complete backfilling with free draining rock material to 

accommodate design requirements. Wrap top of drainage trench in drainage fabric, 
overlapping sides and ends at least 150 mm (6 inches). 

_- 
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3.04 

BEDDING and 3/4-INCH DRAINAGE ROCK MATERIAL 

A. General 

Material composed of the specified bedding material or %-inch drainage rock shall be 
placed on filter fabric where required within the limits and thickness shown on the 
drawings or as staked in the field. Bedding material shall be placed to form a backing for 
riprap protection or for areas where geotextile fabric will be placed. 

B. Placement 

These materials shall be spread uniformly from down slope to up slope, as applicable. 
using a low ground pressure dozer (or equipment approved by the Site CQA ManagFr) on 
the filter fabric in a satisfactory manner to the siope lines, thickness, and grades indicated 
on the drawings or as directed. Placing of material by methods, which will tend to 
segregate particle sizes within the bedding will not be permitted. Any damage to the 
surface of the bedding foundation during placing of the bedding shall be repaired before 
proceeding with the work. Compaction of the bedding material will not be required but it 
shall be finished to present a reasonably even surface free from depressions, mounds, or 
windrows. 

RIPRAP 

A. General 

Riprap shall be placed on the bedding material within the limits shown on the drawings. 

B. Field Gradation 

A visual field gradation test of riprap material shall be performed by the Site CQA 
Manager to evaluate if the material as delivered to the job meets the gradation 
requirements of this Specificat ion. 

C. Placement 

Riprap stone shall be placed in such manner as to produce a reasonably well-graded mass 
of rock with the minimum practicable percentage of voids. Riprap shall be placed to its 
full course thickness in one o p t i o n  and in such manner as to avoid damage to the 
bedding material and to minimize segregation of the riprap. The larger stones shall be 
well distributed and the entire mass of stones in their final position shall be roughly graded 
to conform to the gradation specified. The finished riprap shall be free from objectionable 
pockets of small stones and clusters of larger stones. The desired distribution of the 
various sizes of stones throughout the mass shall be obtained by selective loading of the 
material at the quarry or other source; by controlled dumping of successive loads during 
final placing and placement. Zero drop height placement procedures are to be utilized for 
riprap stone to avoid displacing or damaging the underlying bedding. Dumping of stone 
at the top of slopes and rolling or pushing into place will not be permitted. Manipulating 
or moving stone at any time prior to placement,by means of dozers or other blade 
equipment will not be permitted. Rearranging of individual stones by mechanical 
equipment or by hand will be required to the extent necessary to obtain a reasonably well- 
graded distribution of stone sizes as specified above. Riprap shall be placed from down 
slope to up slope to form a continuous b u m s  of rock as placement progresses. 
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3.06 GROUTING 
. .  

. .  . . .  

Where specified on the Drawings, fill spaces between stones with cement mortar. Use sufficient 
amount of mortar to fill voids and leave face surface of stone exposed. Place grout from bottom to 
top and sweep surface with stiff broom. After grouting completed, wet cure surface. Mortar 
should be machine mixed unless otherwise permitted by the Site CQA Manager. Use mortar 
within 45 minutes after mixing and do not retemper mortar. 

3.07 PROTECTION 

The SUBCONTRACI'OR shall maintain the riprap stone until accepted and any material 
displaced by any cause shall be replaced at his expense to the lines and grades shown on the 

- Drawings. ! 

m . . I  

***END OF SECTION*** 
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SPEC-02720-0951 
LIQUIDS REMOVAL 

PART1 GENERAL 

. .  .. .. . .. 
. .  

1-01 GENERAL REQUIREMENTS 

A. Sources 

Liquid sources include personnel and vehicle cleaning activities, incidental waters, and 
sanitary sewage wastewater from personnel facilities. Free liquids consist of liquids from 
spills, contaminated runoff, and liquids encountered during excavation. , 

B. pn>cedUreS 
I 

. .. . .. _ .  The SUBCONTRACTOR shall be responsible for the characterization, collection, 
removal, and disposal of liquids as described in the Waste Management Section of the 
Field Implementation Plan Work Control Document (FW WCD), and in accordance with 
all Rocky Flats Environmental Technology Site (RFETS) Standard Operating Procedures 
(SOPS). 

C. Characterization 

The SUBCONTRACTOR is responsible for the sampling, analysis, and characterization 
of liquids as may be needed to meet regulatory requirements and the treatment/disposal 
facility requirements. 

1.02 MEASUREMENT AND PAYMENT 

A. Measurement for Payment: 
1 - Payment for liquids removal will be as per contract unit price per removal event, as measured 

in total gallons removed. 
2. Prices shall include full compensation for furnishing all labor, material, tools, equipment, and 

incidentals. 

B. Payment: 
1. Include cost of work listed herein in a time and materials price bid. 

PART 2 PRODUCTS (Not Applicable) 

PART 3 EXECUTION 

3.01 INCIDENTAL WATERS 

Incidental waters encountered as a result of storm water or groundwater entering and collecting 
within the landfill work boundary will be removed from the landfill if sufficient volume is present, 
and transferred to a holding rank adjacent to the landfill area. This holding tank will be 
constructed with sufficient secondary containment. Incidental water will be evaluated per the 
appropriate and applicable RFETS SOP(s). If incidental waters are found to be contaminated per 

a 
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B . _  

3 -02 

the SOP(s) or greater than the Rocky Flats Cleanup Agreement (RFCA) surface water standards, 
the water will be sent to the Consolidated Water Treatment Facility. If not above RFCA surface 
water standards, the waters will be distributed onto the landfill interim cover surface as a dust 
control measure. All actions surrounding the disposition of incidental waters shall be fully 
detailed in the FIP WCD noted above. 

SANITARY SEWAGE WASTEWATER 

All sanitary sewage wastewater shall be stored separately from all other liquids removal, within 
self-contained restroom or hand wash facilities or units, and shall be disposed of in accordance 
with the Vendor requirements for thek units, and in accordance with the FIP WCD noted above. 

, .  
... _: 

. -. _. 

***END OF SECTION*** 
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SPEC-02900-0952 
SEEDING 

PART1 GENERAL 

1.01 SUMMARY 

The vegetation requirements for seeding shall be as described in the plans referenced below. All 
activities performed by the SUBCONTRACTOR shall be in accordance with all applicable 
Federal, State, and local laws and regulations. 

1.02 REFERENCES 

The following publications listed below form a part of the Specification to the extent refeienced. 
The publications are references in the text by basic designation only. The most recent version of 
the reference Test methods shall be used in all cases. 

U.S. DEPARTMENT OF AGRICULTURE: Federal Seed Act of 9 August 1939 (55 Stat. 
1275) 

1.03 SUBMITTALS 

Manufacturer's Catalog Data: 

Manufacturer's standard catalog data giving the brand names and catalog numbers of erosion 
control materials, in sufficient detail to demonstrate complete compliance with this section. 

A. Equipment: 

1.  List of proposed equipment to be used in performance of seeding activities including 
descriptive data. 

B. Manufacturers Instructions: 

The manufacturers installation instructions and procedures. 

C. Sampling and Testing: 

Copies of field test results within 24 hours of completion of tests. 

D. Approval of Materials: 

Materialsources and material test results prior to field use. 

E. Certified copy of seed analysis. 

F. Seed bag tickets. 

G. Documentation of seed drill calibration. 

1.04 CONSTRUCTION QUALITY ASSURANCEIQUALITY CONTROL 
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1.05 

1.06 

The SUBCONTRACTOR shall abide by all qualification and submittal requirements of the 
Construction Quality Assurance / Quality Control Plan (CQAIQC), the Vegetation Plan Work 
Control Document (VP WCD), and the Field Implementation Plan Work Control Document (FIP 
WCD). 

Work will be monitored and tested in accordance with the requirements of the Construction 
Q N Q C  plan. 

The SUBCONTRACTOR shall be aware of all activities outlined in the Construction QA/QC 
plan, and the SUBCONTRACTOR shall account for these activities in the construction schedule. 

DELIVERY, STORAGE, AND HANDLING 

A. Delivery 

Material used for seeding, such as seed, hay, hay bales, blankets, etc., shall be inspected 
upon arrival at the job site. Unacceptable material shall be removed from the job site. 

B. Storage 

Seed shall be protected from any drying, moisture or contamination by detrimental 
material upon delivery and when being stored. 

MEASUREMENTS AND PAYMENT 

A. Measurement for Payment 

Make measurements of time and materials necessary to.supp0t-t monthly project status 
reports that include an estimate of project percent complete. 

B. Payment 

Payment will be made as outlined in Section 01 270: MEASUREMENTS AND 
PAYMENTS. 

PART 2 PRODUCTS 

2.01 SEED 

Seed shall be state-certified seed of the latest season’s crop and shall be delivered in original 
sealed packages bearing the producer’s guaranteed analysis for percentages of mixture, punty, 
germination, weed-seed content, and inert material. All seed material shall be certified to be free 
of noxious weed seed. The date of testing shall be one year or less at time of planting. Seed shall 
be labeled in conformance with U.S. Department of Agriculture rules and regulations under the 
Federal Seed Act and applicable state seed laws. Seed that has become wet, moldy, or otherwise 
damaged will not be acceptable. All seed shall be adapted to eastern Colorado. 

On-site seed mixing shall be performed in the presence of the Site CQA Manager or his designee. 
The pure live seed mixture to be used shall be as follows: . _- /- 
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A. 

1. 

2. 
3: 
4. 

5. 

i B. 

C. 

Seed Mixture 

Purchase attached seed mixture for the total number of acres to be reseeded. The values in 
the far right hand column are the amounts per acre to be used when drill seeding. Be sure 
to order the correct variety of seed. NOTE: For broadcast seeding, double the amounts 
shown in the far right hand column. 
The seed is to be ordered as pure live seed (PLS). 
The seed must be certified weed free. 
Seed is to be ordered and bagged separately by species (1.e. the seed company should 
deliver all the seed in separate bags by species). This allows Site ecologists to examine 
the seed for purity prior to seeding. 
Pull the seed bag tags off the bags and provide them to the Contractor’s Technical 
Representative (CTR). 

Critical Area Seeding Rate 

Those areas which have been graded, received repeated foot traffic or have slopes 3:  1 or 
greater. The seeding mix and rate stated in paragraph A shall be applied to all areas 
designated as a critical area. 

Commercial Seed Formula 

The following formula shall be used to determine the amount of commercial seed required 
to provide in each kind of seed the specified quantities of Pure Live Seed (PLS). 

Required Pounds Pure Live Seed x 100 x 100 = Pounds Commercial Seed 
Purity’ x Germination’ 

’Purity and Germination expressed as whole numbers. 

2.02 TOPSOIL 

A. Definitions 

The topsoil will consist of the final two inches of the 24-inch Present Landfill soil cover. 
This topsoil will be comprised of the previously grubbed soil from the Present Landfill 
interim soil cover, soil from the 280 stockpile that was previously vegetated, or from other 
sources as approved by the CONTRATOR and the Site CQA Manager. 

2.03 MULCH 

A. Placement 

The SUBCONTRACTOR shall use certified weed free native grass hay at a rate of two 
tons (air dry weight) per acre, fixed in place with disk land packers or disk harrows on all 
surfaces with a 3 :  I slope or less. Hydromulching will also be an acceptable placement 
method. See the attached hydromulching submittal and Part 3.03 Paragraph C for further 
mulching guidance. Slopes steeper than a 3:  1 slope shall require an erosion control blanket 
as described in Section 02228: EROSION CONTROL, as amended by Part 2.04, 
Paragraph A. All other mulch materials andor methods of application shall be approved 
by the CONTRACTOR and Site CQA Manager, prior to application. 
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B. ' Type 

Mulch shall be long stem native grass hay that is free from noxious weeds, mold or other 
objectionable material. When long stem native grass hay is not available, a substitute may 
be used when approved by the CONTRACTOR and Site CQA Manager. If approved, 
acceptable substitutes are straw from oats, wheat, rye, barley or rice from which grain has 
been removed, and that are free of noxious weeds, mold, or other objectionable material. 
The mulch shall contain at least 50 percent by weight of material which is 10 inches or 
longer. Mulch shall be in airdry condition and suitable for placing with blower 
equipment. 

2.04 SOIL EROSION CONTROL MATERIAL AND STAPLES 

A. Synthetic Erosion Control Materials 

Synthetic erosion control materials shall conform to Section 02228: EROSION 
CONTROL. 

B. Erosion Control Fence 

Silt fencing shall conform to Section 02228: EROSION CONTROL. 

C. Straw or Hay Bales 

Straw or hay bales shall conform to Section 02228: EROSION CONTROL. 

PART 3 EXECUTION 

3.0 1 DATES FOR SEEDING 

Seedbed preparation and seeding shall be accomplished between the dates of 1 May to 3 1 October, 
depending upon soil moisture conditions, except as otherwise directed in writing by the 
CONTRACTOR. Seeding operations shall not be performed when the soil is wet, sticks to tires 
and equipment, or is frozen. 

3.02 PREPARATION OF SEEDBED 

A. General 

All vegetation, weeds, brush, and rubbish shall be cleared and removed from areas to be 
seeded. Ground surface shall conform to the grades indicated and any deviations shall be 
corrected prior to seeding. 

B. Tillage 

Compaction of both the 22-inch layer and final 2-inch topsoil layer will be 
minimized. The final cover will be prepared for planting using scarification, 
ripping, or discing, to break up the compacted soil. Ripping will be conducted to a 
depth of 9-12 inches in two directions.-This will be followed be discing. 

./ . .- 
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3.03 PLANTING SEED 

A. General 

Any previously prepared seedbed areas compacted or damaged by interim rains, traffic, or 
other cause, shall be reworked to restore the ground condition previously specified prior to 
seeding. Seed shall be planted (drilled) as specified in paragraph 3.03B. 

B. Methods 

The specified seed varieties and indicated amounts of the mixture shall be uniformly 
drilled over all ground areas disturbed i n  a manner that will produce an even stand of grass 
over the entire areas seeded. On areas with slopes 3: 1 or flatter, (unless limited by size of 
area) seed shall be drilled using a rangeland seed drill, unless otherwise approved by the 
CONTRACTOR and Site CQA Manager. i 

I 

1. 

.2. 

3 .  

4. 

5. 

Although no seeding windows are specified, greater success may be achieved 
when seeding is done in late fall, winter, or early spring. 

The seed can be drill seeded or broadcast seeded over the disturbed areas. Make 
sure to use the correct ainount of seed for the application method chosen. 

For broadcast seeding, handseeding or mechanical seeders such as a centrifugal, 
fan, airblast, or hydroseeder are to be used to distribute the seed. After 
broadcasting, the area is to be drag-chained or raked to cover the seed slightly and 
provide better seedsoil contact. Broadcasting may be more appropriate on the 
steeper slopes for safety concerns. 

Drill seeding is best used on the flat or shallow slope areas. For drill seeding, the 
seeding depth is to be between 0.25 inches and 0.5 inches. Because the Site is 
prone to high winds, drill seeding is to be done using two passes, with the 
applications being perpendicular to each other and 45 degrees offset from the 
predominant wind direction. Seeding should not be done when wind speeds are 
greater than 20 mph. 

Seeding .will be done prior to any mulch applications. 

C. Vegetative Mulching 

Vegetative Mulching shall be done within the same day as seeding. Erosion controls are 
important to prevent soil erosion from the revegetation locations and provide for better 
vegetation establishment. For the gentle upper slope surfaces of the landfill cover crimped 
straw mulch will be used. The following guidelines will be followed: 

1 .  Straw mulch is to be spread across the revegetated area after seeding (drilled or 
broadcast) has been completed. I t  is to be applied at a rate of 1.5 tons per acre. 
NOTE: The straw must be certified as weed and pest free according to the 
Colorado Weed Free Forage Act. It should be either winter wheat or oats. 

2. The straw is to then be crimped into the soil to prevent it from blowing away. If 
crimping is not feasible, then after the straw has been blown onto the seeded 
surface it is to be covered with a chemical tackifier following the manufacturers 
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3.04 

3.05 

3.06 

recommended application rate. Tackifying agents found to be “environmentally 
friendly” and chemically acceptable for use at the Site are those comprised of 
plant gums or organic co-polymers. Tackifier is to be applied at the manufacturer 
recommended rate per acre. 

For the steep slopes on the eastern end of the landfill, hydromulch andor  erosion control 
mats and straw wattles (biologs) will be used for erosion control. Acceptable 
hydromulches include inert wood and plant fiber products (cellulose). Only tackifiers 
based on vegetable-based binders are acceptable at the Site to prevent undesired chemicals 
from leaching into the groundwater. Tackifylng agents found to be “environmentally 
friendly” and chemically acceptable for use at the Site are those comprised of plant gums 
or organic co-polymers. The product known by the brand name “SoilGuardO” was also 
found to be chemically acceptable. Hydromulch and tackifier are to be applied at.the 
manufacturer recommended rates per acre. 

I 

The K-H Ecology Group should be contacted as the project i s  nearing completion for more 
information and to set up a site visit to evaluate the specific.mulching and erosion control 
requirements for the project. 

D. Watering 

No water will be applied to native, field, (dry land) seedings unless requ’ired for-erosion 
control blanket installation. 

SOIL EROSION CONTROL MATERIAL 

See Section 02228: EROSION CONTROL for soil erosion control material and placement. 

PROTECTION AND CLEANUP 

After seeding and mulching operations have been completed, barricades and approved warning 
signs shall be erected as required to provide protection against traflic and trespass. Excess 
material from seeding and mulching operations, and all debris, shall be cleaned up and disposed of 
off the site at an approved location. 

ESTABLISHMENT AND MAINTENANCE 

A. General 

The SUBCONTRACTOR shall be responsible for the accomplishment of the 
specifications in Division 2. Proper maintenance shall include protection of embankments 
and ditches from erosion, and maintenance of the mulch covering up to the completion of 
the final inspection. 

B. Protection of Seeded Areas 

Immediately after seeding, the area shall be protected against traffic or other use by 
erecting barricades, as required, and placing approved signs at appropriate intervals until 
final acceptance. 

C. Reseeding and Repair 
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During the maintenance period, any eroded or otherwise damaged areas shall be promptly 
repaired to reestablish the end condition specified herein. Repair shall include all the 
operations indicated for the particular area involved to produce the end result specified 
prior to damage. 

3.07 FINAL ACCEPTANCE 

Final inspection and acceptance will take place when the SUBCONTRACTOR has completed all 
procedures outlined in the contract. Acceptance will be based upon compliance with seedbed 
preparation, seeding and mulching as defined in Paragraphs 3.02 through 3.06. 

““END OF SECTION*** 

.. . 
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ATTACHMENT 1 

PRESENT LANDFILL SEED MIX 
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Fluffy1 Species Common Name - Variety S d l  o/o PLS' Lblac 
Round sq ft+ 

F Andropogon gerardii Big bluestem - Kaw 4 10.5 1.4 

F Bouteloua curtipendula Sideoats grama - Vaughn 2 5.3 0.7 

F Chondrosum gracile Blue grama - Bad River 4 10.5 0.2 
F Sorghastrum nutans Yellow lndiangrass - Holt 2 5.3 0.5 

Total 12"' 31.6 2 8"' 

Role 

Deep-rooted, warm-season; accessing deep moisture when 
shallow moisture is deficient 
Moderately deep-rooted, warm-season; establishes well on 
restoration sites 
Ditto except blue grama IS a wide-spreading bunchgrass 
Deep-rooted, warm-season; accessing deep moisture when 
shallow moisture is deficient 

R 

R 
R 

Buchloe dactyloides Buffalograss - Cody 3 7.9 2.3 Warm-season turfgrass of short stature that can be expected to 
provide important ground cover when drought restricts cover of 
other species 

Buchloe dactyloides Buffalograss - Native++ 1 2.6 0.8 Ditto 
Elymus lanceolatus Streambank wheatgrass - Sodar 5 13.2 1.4 Native cool-season turfgrass that can be expected to 

Mixture 3 (for Use in the Legume Seeder Box) 
R I Koeleria pyrimidata 1 Prairie Junegrass - Native" 1 1 1  2.6 I 0.2 1 Native bunchgrass of the plains, slow to establish but then 

R 
var. lanceolatus 

Elymus trachycaulus Slender wheatgrass - San Luis 3 7.9 0.8 Native bunchgrass of moderate to tall stature that establishes 

*** 38 seeds per square foot, when drilled with a drill with &inch furrow spacing results in an average of two seeds per lineal inch of drill furrow, 
' PLS = pure live seed 

R 

R 

vigorously, providing early cover; can be expected to fade as 
slower-growing natives progress after the first few years 

dependably establish and provide important erosion control 
Pascopyrum smithii Western wheatgrass - Arriba 3 7.9 01.2 Native cool-season turfgrass that can be expected to 

Stipa viridula Green needlegrass - LoDorm 2 5.3 0.5 Native cool-season bunchgrass that establishes dependably 
, Total 28++* 57.9 9.3+** I 

R 

R 

durable. 

(P. secunda) durable. 
Poacanbyi Canby bluegrass - Canbar I 2.6 0.5 Native bunchgrass of the plains, slow to establish but then 

Sporobolus cryptandrus Sand dropseed - Native 2 5.3 0.01 Native warm-season bunchgrass that establishes well on sites 

Total 4*** 10.5 0.71*++ - ~ .. 
with coarser soil texture. Elective, - 
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SECTION 03200 

CONCRETE REINFORCEMENT 

PART 1 GENERAL 
- 

1.2 REFERENCES 

AMERICAN CONCRETE INSTITUTE (ACI) 

ACI 117 

ACI. 3 1 8 

. A S T M A 3 7 0  

ASTM A 615 

ASTM A-706 

i CRSI 

1 .2 

1.2 

SUB 

a. 

b. 

( 1988) Standard specification for concrete construction and materials 

(1999) Building Code Requirements for Structural Concrete & Comnlentary ' 
! 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

(1997) Standard Test Methods and Definitions for Mechanical Testing of  Steel Products 

(200 1 )  Standard Specification for Defomied and Plain Billet-Steel Bars for Concrete 
Reinforcement 

(2001) Standard Specification for Low-Alloy Steel Deformed and Plain Bars for Concrete 
Reinforcement 

CONCRETE REINFORCING STEEL INSTITUTE (CRSI) 

"Placing Reinforcing Bars." 

I ITALS 

Shop Drawings: 

1. Conform to ACI SP-66 showing bending diagrams; assembly diagrams: location diagrams: 
splicing and laps of bars, shapes. and dimensions; and details for bar reinforcing, stirrup 
spacing. accessories, and openings. 
Coordinate bar splicing and placement with concrete placing schedule and joint locations. 
Submit with construction joint submittals required in Section 03300 CAST-IN-PLACE 
CONCRETE. 

2. 
3 .  

Submit in accordance with Section 01 305 SUBMITTAL REQUIREMENTS. 

DELIVERY, STORAGE, AND HANDLING 

Store reinforcing steel on supports above ground; cover and keep clean. 

. 
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PART 2 PRODUCTS 

2.1 MATERIALS 
B 

a. Steel Reinforcing Bars: 

. l  . ' 

Defomied bars conforming t o  ASTM A 6  15, Grade 60. 

b. Reinforcing Supports: 

I .  

2. 

Exterior exposed surfaces. surfaces in contact with earth or liquid, and interior exposed 
surfaces in humid areas shall have all plastic or stainless steel supports. 
interior exposed surfaces in dry areas shall have all plastic. stainless steel, or plastic tipped 
steel supports. i 

2.2 FABRICATION 

a. Fabricate to schedules and details on Design Drawings and in accordance with ACI 3 18. 

PART 3 EXECUTION 

3.1 PLACEMENT 

a. Placement of reinforcing steel shall be approved by GOVERNMENT before covered,with concrete. 

b. Correct displacement of reinforcement prior to and during concrete pouring operations. Maintain clear 
cover as noted on Design Drawings. Tolerances shall be in accordance with ACI I 17 and ACI 3 18, 
unless noted otherwise. 

C. Support reinforcing steel in accordance with CRSl "Placing Reinforcing Bars" with maximum spacing 
o f4  ti. 

d. Tie reinforcing steel at intersections in accordance with CRSl "Placing Reinforcing Bars." 

e. Locate reinforcini to avoid interference with items drilled in later. 

f. Do not field bend bars, including bars partially embedded in concrete unless indicated. 

g- 

h. 

Do not place bars having kinks and bends other than shown on approved Shop Drawings. 

Tack welding reinforcement i s  prohibited. 

I. Reinforcement shall be clean and free from loose mill scale, dirt, grease. oil, form release agent, dried 
concrete or any material reducing bond with concrete. 

j- Vertical reinforcement shall be placed by bonding the bars into holes drilled into the existing hardened 
concrete with rotary core-type drills that can be maintained in a position perpendicular to the existing 
concrete slab. A non-epoxy bonding compound will be used. 

k The reinforcement hole shall have a diameter that should be larger--but not nm-e than IB-inch larger-- 
than the diaiiwter ofthe bar. 

*+ END OF SECTION +* 
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SECTION 03300 
CAST-IN-PLACE CONCRETE 

P A R T 1  GENERAL 

1-01 SUMMARY 

Construct Aeration Treatment Unit to the lines and grades as shown on the drawings. The Aeration 
Treatment Unit is a too be constructed as a cast-in-place concrete vault where water will flow over a 
series of steps at decreasing elevations. The steps will cause the water to flow in a waterfall and 
provide volatilization necessary to treat the water, in a manner similar to the existing hagstone 
waterfall steps. 

The Aeration Treatment Unit shall be constructed as a single concrete ,placement, with no 
construction joints. Fiberglass ,orating will be installed on top of the vault to provide access for 
inspections, maintenance, and to provide ventilation. 

1.02 REFERENCES 

ACl 117 Standard Tolerances for Concrete Construction and Materials 

ACI 301 

ACI 304 

ACI 305R Hot Weather Concreting 

ACI 306.1 

ACI 308 

ACI 318 

ACI SP-66 Detailing Manual 

Specifications for Structural Concrete for Buildings 

Guide for Measuring, Mixing, Transporting and Placing Concrete 

Standard Specification for Cold Weather Concreting 

Standard Specification for Ciiring Concrete 

Building Code Requirements for Structural Concrete & Commentary 

ASTM A6 1 5 Standard Specification for Deformed and Plain Billet-Steel Bars for Concrete 
Reinforcement 

ASTM C3 I Standard Specification for Making and Curing Concrete Test Specimens in the 
Field 

Standard Specification for Concrete Aggregates ASTM C33 

ASTM C39 Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens 

ASTM C94 Standard Specification for Ready-Mixed Concrete. 

ASTM C 143 Standard Test Method for Slump of Hydraulic Cement Concrete 

_ .  
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I .03 

1.04 B 
A. 

B. 

c. 

ASTM C 150 Standard Specification for Portland Cement 

. i 
ASTM C23 1 Standard Test Method for Air Content of Freshly Mixed Concrete by the Pressure 

Method 

ASTM C260 Standard Specification for Air-Entraining Admixtures for Concrete. 

ASTM C 494 Standard Specification for Chemical Admixtures for Concrete 

ASTM C1017. Standard Specification for Chemical Admixtures for Use in Producing Flowing 
Concrete . 

CRSI Concrete Reinforcing Steel Institute, "Placing Reinforcement Bars," 1996. 

GENERAL REQUIREMENTS 

The area where the Aeration Treatment Unit is to be constructed shall be graded and dressed to 
lines and grades shown on drawings and in accordance with Section 021 10: SITE 
PREPARATION. Eroded or washed out areas shall be repaired prior to placement of material. 

All excavation and backfilling requirements shall be executed in accordance with Section 0222 1 : 
EARTHWORK and Section 02245: STONE AND AGGREGATE MATERIALS. 

SUBMITTALS 

Shop Drawings: 

1. Reinforcing steel drawings conforming to ACI SP-66 showing bending diagrams, assembly 
diagrams, location diagrams, splicing and laps of bars, shapes, dimensions, and details for bar 
reinforcing and stirrup spacing, accessories, and openings. 

Product Data: 

1 

Test Resu Its: 

Manufacturer's literature and product sample. 

1. Concrete test Results. 
2. Provide with each load of concrete delivered, duplicate delivery tickets one for 

CONTRACTOR and one for ENGINEER with following information. 

a. 
b. 
c. 
d. 
e. 
f. 
g. Maximum size aggregate. 
h. 
i. 

Date and serial number of ticket. 
Name of ready mixed concrete plant, operator, and job location. 
Type of cement, admixtures. if any, and brand name. 
Cement content, i n  bagdcu yd of concrete, and mix design. 
Tnick number, time loaded, and name of dispatcher. 
Amount of concrete i n  load, i n  cu yds, delivered. 

Gal of water added at job, if any, and slump of concrete after water was added. 
Temperature of concrete at delivery. 
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D. 

E. 

1.05 

A. 

B. 

. .  

. .  

. . .  . 

j. Number of revolutions of mixer. 

Miscellaneous Submittals: 

I ~ Statement by ready mix supplier giving source and material certificates, and proportions by 
weight of cement, fine and coarse aggregates, and admixtures. . . _ .  

Submit in accordance with Section 01 305: SUBMITTAL PROCEDURES. 

QUALITY ASSURANCE 

Testing: 

1 - 
2. 

I 

Sampling and testing will be performed by independent testing laboratory. 
Perform slump tests (ASTM C143), air-entrainment tests (ASTM C23 I ) ,  and compressive 
strength tests (ASTM C3 1 and C39) daily for each class of concrete poured. 

Tolerances: 

1 ~ 

2. 
Conform to requirements of ACI 1 17. 
Concrete shall be within 3/16 in. of 10 ft straightedge in all directions except where slabs are 
dished for drains. Deviations from.elevation indicated shall not exceed 3/4 in. 

PROJECT SITE CONDITIONS 

Hot Weather: 

1 - 
2- 

Comply with ACI 30 I and 305R. 
Concrete temperature shall not exceed 90°F. 

3 .  

4. 

At air temperatures of 80°F or above, keep concrete as COG. as possible during placement and 
curing. Cool forms by water wash. 
When concrete temperatures exceed 80"F, water reducing, set retarding admixtures'shall be 
used in accordance with manufacturer's recommendations. 

Cold Weather: 

1. 
2. 

3 .  

Comply with ACI 306. I .  
Temperature of reinforcement, forms, fillers, and other materials in contact with concret$at 
time of placement shall not be less than 35°F. Preheat if temperanire is below 35°F. 
Maintain air and forms in contact with concrete sections having minimum dimension less than 
12 in. at temperature above 50°F for at least first 3 days and at temperature above 32°F for 
remainder of specified curing period. 
Maintain air and forms in contact with concrete in more massive sections at temperature above 
40°F for at least fir& 3 days and at temperature above 32OF for remainder of specified curing 
period. 

4. 

a PART2 PRODUCTS 

2.0 1 MATERIALS 
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B. 

C. 

D. 

E. 

F. 

.. . Portland Cement: 

1 ASTM'C 150, Type I. Except tricalcium aluminate (C3A) content of Type I. shall not exceed 
12%. 

Aggregates: 

1. 
2. Fine Aggregate: Natural sand. 
3. 

ASTM C33, free of foreign materials. 

Coarse Aggregate: Crushed stone, crushed gravel or gravel. Size 67 (3/4 in. maximum). 

Admixtures for Concrete: 

1. Air-Entraining: ASTM C260. 
2. Chemical Admixtures: Optional, ASTM C494. 

a. Water Reducing: Type A. 
b. Retarding: Type B. . 

c. Water Reducing and Retarding: Type D. 

3; ' Chemical Admixtures for Flowing Concrete:' ASTM ClOl7. 

a. Type 1, water reducing, high range. 
b. Type 2, water reducing and retardant, high range. . _  

Water: Potable: 

Steel Reinforcing Bars: 

1 

Finishing Grout: 

1 Manufacturers: 

Deformed bars conforming to ASTM A61 5, grade 60. 

a. 
b. 

Thoroseal with Ac~yl  60, by Thoro. 
Concrete Finisher with AKKRO-7T. by T a m  Industries Company. 

2.02. .:. CONCRETE MIX DESIGN 

A. Concrete Mix: Measure and combine cement, aggregates, water, and admixtures in accordance with 
. .  . . 'AsTMC94- : . . .  

. 

1. Class'A: 

a. Minimum 28-Day Strens_th: 4,000 psi. 
b. Air Content; 6%,& I %. 
c. Maximum Slump: 4 in. 
d. WaterKement Ratio: 0.45 maximum. B 
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MIXING AND DELIVERY 

Furnish and deliver concrete in conforniance with ASTM C94. A. 

B. 

C. 

2.04 

A. 

2.05 

A. 

2.06 

A. 

Deliver and complete discharge within 1-1/2 hrs ofcommencing mixing or before 300 revolutions of 
drum or blades, whichever comes first. Includes revolutions required by transit mix trucks. 
Limitations may be waived by E N G M E R  if concrete is of such slump after 1-1/2 hrs or 
300 revolution limit, it can be placed without addition of water. 

Do not add water on job unless authorized by ENGINEER. If water is added, additional mixing of 
30 drum revolutions is required. 

GRATING I 

Provide and install Fiberglass open molded grating. 

I .  
2. 
3. 

- 

Gatorgrate GG-HD 10 by AIMCO or approved equal. 
Provide shop drawings detailing bracing and connections to concrete vault. 
Shop drawing to be stamped by an engineer registered in the State of Colorado. 

SEPARATION GEOTEXTlLE 

The geotextile shall comply with the requirements of ASTM D 4439, and shall consist of polymeric 
filaments that are formed into a stable network such that filaments retain their relative positions. The - - - . 

filament shall consist of a long-chain synthetic polymer composed of at least 85 percent by weight of 
ester, propylene, or amide, and shall contain stabilizers and/or inhibitors added to the base plastic to 
make the filaments resistance to deterioration due to ultraviolet and heat exposure. Synthetic filter 
fabric shall contain uttraviolet ray inhibitors and stabilizers to provide a minimum of six months of 
expected usable construction life at a temperature range of 0 to 120 degrees F. Unless otherwise 
approved by the Construction Quality Assurance Engineer or DESIGNER, the filter fabric shall meet 
the following requirements: 

- - 

Grab Tensile Elongation (%) 
TraDezoid Tear I ASTM D 4533 1 55 Ibs. min. 

I ASTM D 4632 (30% rnax.) I 100 lbs. min. 

DRAINAGE ROCK 

Narrowly graded mixture of natural or crushed gravel, or crushed stone and natural sand; 
ASTM D 448; coarse-aggregate grading Size 67; with 100 percent passing a 25 mm (1  inch) sieve 
and 0 to 5 percent passing a 4.75 mni (No. 4) sieve. 

PART 3 EXECUTION 

3.0 I SUBGRADE PREPARATION 
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A. 

B. 

C .  

D. 

E. 

. I  

' . j3.02 

A. 

. B. 

D c. 
D. 

3.03 

A. 

3.04 

A. 

B. 

C .  

D. 

D E. 

Subgrade and Bedding: Compacted and free of frost. For placement at temperatures below freezing. 
provide temporary heat and protection as required to remove frost. 

Provide mud slabs where necessary and when required by ENGINEER to obtain dry and stable 
working platform for placement of slabs on grade. 

Remove standing water. ice, mud, and foreign matter before concrete is deposited: . 

Place a layer of Separation Geotextile over prepared subgrade. 

Place 4-inches of Drainage Rock Base over geotextile prior to placing concrete. 

FORMS 

Workmanship: Formwork shall prevent leakage of mortar. Removal of wall ties shall leave holes 
clean cut and without appreciable spalling at face of concrete. Conform to requirements of 
ACI 347R. 

Materials: 

1. 

2. 

Unless specified otherwise, type of forms used is CONTRACTORS option. CONTRACTOR 
may use metal, plywood, presswood form liners or plastic surfaced plywood. 
Use approved commercially manufactured devices for form ties. Arrange ties so when forms 
are removed, no metal will be within 1 in. of formed face of concrete. 

Do not disturb forms until concrete adequately cured. 

Form system design shall be CONTRACTORS responsibility. 

JOMTS 

No construction joints will be allowed. 

REINFORCEMENT PLACEMENT 

Reinforcing steel shall' be approved by ENGINEER before being 'covered with concrete. 

Correct displacement .of reinforcement prior to and during concrete pouring operations. .Maintain 
clear cover as noted on Drawings. Tolerances shall.be.in accordance ,with ACI 3 18,,unless noted . .  

otherwise. 

Support reinforcing steel in accordance with CRSI "Placing Reinforcing Bais;".'with'maximum - . . 

spacing of 4 ft 0 in.. 

Tie reinforcing steel at intersections in accordance with CRSI "Placing Reinforcing Bars." 
Maximum spacing for footings, and walls every third intersection or 3 ft 0 in. Maximum spacing for 
slabs and other Work every fourth intersectioii-or 3 ft 0 in. .Dowels shall. be tied inlplace,. : .. . . . ;' 

Locate reinforcing to avoid interference with items drilled in-later, such as concrete anchors. 

. .  

.. 

. . . . . . . . . . . . . _ _  . . . . . . . .  . -  . 

: 

. .  
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F. Do not field bend bars including bars partially embedded in concrete unless indicated or approved by 
ENGINEER. 

G. Welding of reinforcing bars permitted only where indicated' or as otherwise approved by 
ENGINEER. 

3.05 CONCRETE PLACEMENT 

A. 

B. 

Except as  modified herein, ACI 304-Chapter V, shall constitute requirements of this Specification. 

Avoid damage to reinforcing, and ensure accurate positioning after concrete placed. . .  

C. . Do not spread concrete with vibrators. 
I 

D. Place concrete with aid of internal mechanical vibrator equipment capable of 7,000 impulses/min. 
Transmit vibration directly to concrete. Duration ofvibration at any location shall be necessary to 
produce thorough consolidation and to cause maximum amount of air bubbles to migrate to top of 
pour. 

E. Set embedded items such as bolts, anchors, and piping in concrete as required by manufacturer of 
equipment used. Verify location with equipment manufacturers. 

3.06 SLAB FINISHES 

' A. Interior slabs shall receive 1 trowelings. 

1 ~ Perform initial troweling by power or hand with trowel blade kept as flat as possible against 
concrete surface to prevent washboard or chatter effect. 

3.07 FINISHING FORMED CONCRETE 

A. ' Smooth Finish: Interior concrete surfaces. 

1. 
2. 

Patch honeycombing, stone pockets, form ties, spalls, and other irregularities. 
Grind joint marks and fins smooth with adjacent wall surface. Remove oil stains and rinse 
surface. 

3.08 PROTECTION AND CURING 

A. Protect concrete from frost and rapid drying, and keep moist for minimum curing period of 7 days 
after placing in accordance with ACI 308. 

Wet cure or apply curing compound. Do not use curing compound where other coating or topping 
will be applied. 

B. 

C. Formed surfaces may be cured by leaving fomis in-place. Spray surface of forms left in-place during 
curing period as frequently as diying conditions may require to keep concrete surfaces moist. For 
vertical surfaces, apply water to run down on inside of forms, if necessary to keep concrete wet. 
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D. Protect from damaging mechanical disturbances,. particularly load stresses, heavy shock, and B excessive vibration. 

E. Protect finished concrete surfaces from damage caused by construction equipment, materials or 
methods, and rain or running water. 

F. Do not load self-supporting structures'as to overstress concrete. . 

* .* * END OF SECTION * * * 
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SECTION 03410 
STRUCTURAL PRECAST CONCRETE 

PART 1 GENERAL 

1-01 SUMMARY 

Provide and install manhole for use in combining three separate inflows. discharging to the Aeration 
Treatment Unit. The manhole will contain a flowmeter to measure flow from the existing seep 
collection system: The combined flow will discharge to the Aeration Treatment Unit for treatment. 

1.02 REFERENCES I 

ACI 318 

PCI MNL- 1 16 

Building Code Requirements for Structural Concrete & Commentary 

Manual for Quality Control for Plants and Production of Precast Prestressed 
Concrete Products 

PCI MNL- I 17 Manual for Quality Control for Plants and Production of Architectural 
Precast Concrete Products 

AWS D 1.1 Structural Welding Code- Steel 

AWS D 1.4 Structural Welding Code- Reinforcing Steel 

.. . .  ASTM A36. Standard Specification for Carbon Structural Steel 

ASTM A 184 Standard Specification for Fabricated Deformed Steel Bar Mats for Concrete 
Reinforcement 

ASTM A 185 Standard Specification for Steel Welded Wire Reinforcement, Plain, for 
Concrete 

Standard Specification for Carbon Steel Bolts and Studs, 60,000 SI Tensile 
Strength 

ASTM A307 

ASTM A4 1 6 Standard Specihcation for Steel Strand, Uncoated Seven- Wire for 
Prestressed Concrete 

, . ... , 

ASTM A61 5 

ASTM C31 

Standard Specification for Deformed and Plain Billet- Steel Bars for 
Concrete Reinforcement 

Standard Practice for Making and Curing Concrete Test Specimens in the 
Field ' Standard Specification for Concrete Aggreeates ASTM c33 

ASTM C39 Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens 

03410-1 
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1.03' 

I 

1.04 

A. 

a ASTM C150 

ASTM C171 

ASTM C185 

Standard Specification for Portland Cement 

Standard Specification for Sheet Materials for Curing Concrete 

Standard Test Method for Air Content of Hydraulic Cement Mortar 
- 

ASTM C231 Standard Test Method for Air Content of Freshly Mixed Concrete by the 
Pressure Method 

ASTM C260 

ASTM C307 

Standard Specification for Air-Entraining Admixtures for Concrete 

Standard Test Method for Tensile Strength of Chemical-Resistant ,Mortar, 
Grouts, and Monolithic Surfacings 

Standard Specification for Liquid Membrane-Forming Compounds for 
Curing Concrete 

I 

ASTM C309 

ASTM C330 

ASTM c494 

Standard Specification for Lightweight Aggregates for Structural Concrete 

Standard Specification for Chemical Admixtures for Concrete 

GENERAL REQUIREMENTS 

The area where the Manhole is to be placed shall be graded and dressed to lines and grades shown 
on drawings and in accordance with Section 021 10: SITE PREPARATION. Eroded or washed 
out areas shall be repaired prior to placement of material. 

. . 

All excavation and backfilling requirements shall be executed in accordance with Section 0222 1 : 
EARTHWORK and Section 02245: STONE AND AGGREGATE MATERIALS. 

SUBMITTALS 

Shop Drawings: 

1. Content: 

a. 
b. 
C. 

d. 
e. 
f. 

h. 
0 C' 

Dimensions. 

Details of inserts, anchors, connections, accessories, joints, formed openings and 
scheduled field .cut openings, anchor bolt. layout . . .  plan, . -  fabrication detail,. and design 
loads. 
Chamfer and radius of comers. 
Lifting positions or devices. ' . 

Reinforcement and tendons. 
Welds. 
Finish type(s). 

. .  Design camber. . . .  . . .  

. . . . .  . .  ' -  

. . . . . .  . . . . .  

2. Show location of precast prestressed sections with, same identification marks used in  
fabricat ion. 

' J  

3. Shop Drawings shall bear stamp of Professional Engineer registered in State of Colorado. 
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0 B. 

C .  

D. 

E. 

1.05 

A. 

I O  
B. 

C. 

D. 

I 
I 1.06 

A. 

Product Data: 

1. 

2. 

Where standard catalog or tabled members used, submit copy of catalog or table which is 
basis for member design. 
Manufacturer's written instructions for handling, transporting, and erecting. 

Test Results: 

1. Reports of tests on concrete. 

Miscellaneous Submittals: 

1. 
2. 

Submit in accordance with Section 0 1305: SUBMITTAL PROCEDURES 

Manufacturer's certificates of material or procedures are in compliance with Specifications. 
When requested by ENGINEER, evidence of certification or experience qualifications. 

QUALITY ASSURANCE 

Design Changes: 

1. 

2. 

If CONTRACTOR proposes to change selected portions of precast to cast-in-place concrete, 
submit to ENGINEER for approval and coordination. 
If CONTRACTOR proposes to change selected portions of precast dimensions or framing 
systems from shown on Drawings, submit for approval and coordination. 

Testing: 

I .  

Regulatory Requirements: 

Conduct testing-in accordance with PCI MNL-I 16 and MNL-I 17. 

1. Design, fabricate, and install precast, prestressed sections to meet requirements of ACI 3 18, 
PCI MNL-I 16, and PCI Design Handbook. 

Shop Inspection: 

1. Shop inspection may be required by OWNER. CONTRACTOR shall give minimum of 
seven days notice to ENGINEER prior to beginning ofany fabrication work and shipment of 
completed components so inspection may be provided. 
CONTRACTOR shall allow ENGINEER free access to necessary pals of Work. 
ENGINEER shall have authority to reject materials or Work not meeting requirements of 
Specifications. 
Inspection at shop intended as means of facilitating Work and avoiding errors, but will in no 
way relieve CONTRACTOR from responsibility for furnishing proper materials and 
workmanship under these specifications. 

2. 

3. 

DELIVERY, STORAGE, AND HANDLING 

Follow manufacturer's written instructions for handling and transporting. 
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B B. 

C. 

D. 

E. 

F. 

I G -  
H. 

Lift members at designated points only, and use lifting inserts if provided. 

Use lifting slings or spreader.bars to keep angle between lifted member and cable greater than 
45 degrees. 

Do not place members in position causing overstress, warp or twist. 

Handle members to protect from dirt and damage. 

Place stored members so identification marks discernible. 

Separate stacked members by battens across full width of each bearing point. 

. .  Stack members so lifting devices accessible and undamaged. 

PART 2 PRODUCTS 

2.0 1 

A. 

B. 

B c. 

D. 

2 -02 

A. 

B. 

C. 

MANUFACTURERS 

Firms specializing in providing precast or precast prestressed concrete products and service normally 
associated with industry for at least 3 yrs. 

. .  .. - PCI certified producer. 

Manufacturers meeting requirements'of PCI MNL-I 16 and PCI MNL-I 17. 

. .  

Manufacturers may be required to submit written evidence showing experience, qualifications, and 
adequacy of plant capability, facilities, and ability to perform Work in accordance with these 
Specifications. 

I .  Evidence shall consist of PCI plant certification or results of tests performed by independent 
testing laboratory to monitor conformance to provisions of PCI MNL-I 16, PCI MNL-I 17 and 
requirements herein. 

MATERIALS 

Portland Cement: ASTM C 1 SO, Type I 

Admixtures: 

1 ~ Air-Entraining: ASTM C260. 
2. 
3. 

Water Reduction and Set Retardation: ASTM C494, Type A. 
Super Plasticizer: ASTM C494, Type A. 

Aggregates: 

. I . .  . ASTM C33 or C330. 
2. Material: Natural. 
3. Maximum I in. . . .. . 

034 10-4 



D. 

E: 

F : 

G. 

H. 

I. 

J.  

K. 

L. 

M. 

N. 

. .  
' . , : ..: . .  . . .. Water: Potable'or free from foreign'materials in amounts harmfid to'concrete. . .  

Reinforcing Steel: 

1 - Deformed Steel Bars: ASTM A61 5, Grade 40 or  60. 
2. Wire Fabric: Welded steel, ASTM A 185. 
3. Fabricated Steel Bar or Rod Mats: ASTM A 184. 

Tendons: Uncoated, stress-relieved strand, ASTM A4 16, Grade 250K or 270K. Low relaxation 
strand conforming to Supplement I may be used. 

Anchors and Inserts: 

1. 
2. Finish: 

Material: Steel, ASTM A36 or A307. 
I 

a. Shop primer: Manufacturer's standard. 
I 

Grout: 

I Cement Grout: One part Portland cement, 3 parts sand, sufficient water for placement and 
hydration. . 

Bearing Pads: 

1 - Hollow Core Slabs: 

a. 
b. 

118 in. thick, smooth on both sides. 
Tempered hardboard or high density plastic. 

2. Tees and Girders: 

a. 
b. 

Chloroprene or fiber reinforced elastomeric. 
Size and hardness to be determined by manufacturer. 

Welded Studs: In accordance with AWS D1.1. 

Curing Materials: 

1. Liquid membrane forming compound, ASTM C309 or sheet materials, ASTM C17 I 

Manhole Cover 

1 ~ 

Manhole Stairs 

Provide and install Neenah Foundry R-1554 manhole frame and cover, 

1. 

Separation Geotextile 

Provide Neenah Foundry R-198 1 -N steps and cast into manhole. 
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Physical Property 
Grab Tensile Elongation (YO) 

0. 

Test Procedure Strength Requirement 
ASTM D 4632 (30% max.) 100 lbs  rnin. 

2.03 

A. 

B. 

C. 

e 2.04 

CB The geotextile shall comply with the requirements ofASTM D 4439, and shall consist of polymeri 
filaments that are formed into a stable network such that filaments retain their relative positions. The, 
filament shall consist of a long-chain synthetic polymer composed of at least 85 percent by weight of 
ester, propylene, or amide, and shall contain stabilizers andor inhibitors added to the base plastic to 
make the filaments resistance to deterioration due to ultraviolet and heat exposure. Synthetic filter 
fabric shall contain ultraviolet ray inhjbitors and stabilizers to provide a minimum of six months of 
expected usable construction life at a temperanire range of 0 to 120 degrees F. unless otherwise 
approved by the Construction Quality Assurance Engineer or DESIGNER, the filter fabric shall meet 
the following requirements: 

~~ 

I TraDezoid Tear . . I ASTM D4533 I 55 Ibs. min. I 
I MullenBurst . I ASTMD3786 . I 270 Ibs. min. I 
I Permittivitv I ASTM D 449 1 1 0.2 Sec-1 I 
4 ASTM D 475 I 

~ . 

, Drainage Rock 

Narrowly graded'mixture of natural or crushed gravel, or. crushed stone and natural sand; 
ASTM D 448; coarse-aggregate grading Size 67;.with 100 percent passing a 25 mrn ( I  inch) sieve 
and 0 t o  5 percent passing a 4.75 mm (No. 4) sieve. 

MIX DESIGN 

Mix design shall be in accordance with manufacturer's recommendations. 

Precast manufacturer shall be responsible for structural design of individual precast components, 
connections between components, and combining of components .to provide total structure. 

Design, reinforce, and prestress units as required by ACI 3 18, PCI Design Handbook, as specified 
herein, and as shown on Drawings. Design and provide members capable of sustaining 
superimposed loads as noted on Drawings and below. 

Concrete Properties: 

1. 
2. Air-En trainmen 1: 

Water-Cement Ratio: Maximum 40 lbs water to 100 Ibs cement. 

a. 
b. 

28 day Compressive Strenpth: 4,000 psi. 

19% @3%) in standard 1 :4 sand mortar as tested in accordance with ASTM C185. 
7% @2%) in concrete as tested according to ASTM C23 1. 

3-  

4. , Do not use calcium chloride or other salts. 

FAB RlCATION 
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C .  

D. 

E. 

F. 

G. 

2.05 

A. 

Formwork: 

1 - 
2. 

3. 

4. 

Construct forms to withstand tensioning and detensioning operations. 
Construct forms to maintain units within specified tolerances with radius or chamfer at 
comers. 
Securely attach anchorage devices to formwork in locations not affecting position of main 
reinforcement or placing of concrete. 
Form treatments or curing compounds shall not contain ingredients which might stain through 
or  otherwise injure concrete or reduce bond with subsequent coatings, finishes, grout or  
caulking. 

Reinforcement: 

1 

2. 
3 .  
4. 

Pretension tendons by single strand tensioning or multi-strand tensioning meihod, in 
accordance with PCI MNL- 1 16. 
Provide reinforcement necessary to resist stresses from applied loads, handling, and erecting. 
Place and anchor reinforcement in  position. 
Locate lifting devices to not harm appearance of unit in finished position. 

Concrete Placement: 

1. 
2. 
3. 

Batch, mix, and handle concrete in accordance with ACI and PCI recommended practices. 
Place concrete in continuous operation to prevent formation of seams. 
Consolidate placed concrete by vibration without dislocation ordarnage to reinforcement and 
built-in items. 

Cure units in accordance with PCI MNL-I 16. 

Detensioning: 

1. 

2. 
3. 

Delay detensioning of prestressed units until corresponding concrete test cylinder has attained 
release strength in accordance with design. 
Perform detensioning while concrete wann and moist, if heat-cured. 
Detension pretensioned tendons by gradual release of tensioning jacks or heat cutting tendons 
in sequence and pattern to prevent shock or unbalanced loading. 

Finishes: 

I .  Unexposed Areas: As cast. 

Fabrication tolerances shall conform to requirements of MNL-I 16 ani 
requirements shall apply. 

HOLES, ANCHORS, AND FRAMING 

CI '1 I?, the.more stringent 

Embedded Items: Provide pipes, sleeves, inserts, weld plates, anchor plates, and other embedded 
items shown on Drawings and as required and cast into members during manufacture. Place 
dissimilar metals to avoid physical contact between them. 

Furnish inserts, plates, fastening devices, and anchors to be set in supporting structure. 
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C. 

D. 

i E. 
! 

2.06 

A. 

Holes: 

I .  

2. 

Over 8 in. dia shall be formed during manufacture of units, or  field cut or cored by precast 
manufacturer 
8-in. and under may be field cut or cored by contractor. Location- shall be coordinated with 
precast manufacturer before cutting or coring. I .  

Large Openings: Design and provide steel headers. 

1 .  Reinforce units adjacent to units with openings larger than 12 in. to support additional dead 
and live load. 

At holes and along cut edges of hollow core units, exposed cores shall be grouted solid within 6 in. 
of hole or cut edge. Holes or cuts made in shop shall be shop grouted. 

SOURCE QUALITY CONTROL 

In general compliance with applicable provisions of PCI MNL-I I6 and MNL-117. 

I .  Concrete Compression Tests: 

a: ASTM C39. 
b. 
c. . Specimens: 

Make one compression test for each day's production. 
. . . . .  ._ . . . .  . . . . . . .  

1) 
2) 
3) 

Provide 4 test specimens for each compression test. ' 
Obtain concrete for specimens from actual production batch, 
Concrete cylinders, ASTM C3 1. 

. . . . . .  

0) 

2. Failure of any member to come within tolerances specified in PCI MNL-I 16 or PCI MNL-I 17 
shall be cause for rejection. 

PART 3 EXECUTION 

3.01 

A. 

B. 

3.02 

A. 

B. 

D. 

E. 

INSPECTION 

Inspect bearing surfaces of structure to ensure they are smooth, level, and free of debris. 

Verify required inserts and anchors for connection to precast- sections installed. 

SUBGRADE PREPARATION 

Subgrade and Bedding: Compacted and' free of frost: For placement at temperatures below freezing, 
provide temporary heat and protection as required to remove frost. 

Remove standing water, ice, mud. and foreign matter before placing geotextile. 

. . . .  . .  

. .  
. .  

. . . . . . . .  . . . . . . .  

Place a layer of Separation Geotextile over prepared subgrade. 

JJ Place 4-inches of Drainage Rock Base over geotextile prior to placing concrete. 
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m.', 3.03 

A. 

8. 

C. 

D. 

I E-. 
F. 

G. 

H. 

I. 

.3.04 

A. 

3.05 

A. 

ERECTION 

Erect precast sections in accordance with manufacturer's written instructions. 

Align, place, and level units in final position on accepted bearing surfaces. 

Place no warped, cracked or broken units. 

Ends of units may be saw cut if required for proper clearance. Breaking of units with hammer to 
produce fit not accepted. 

Perform welding according to AWS D1.1 and D1.4. 

Cutting of holes or strands shall be approved by manufacturer and ENGINEER. Do not cut tension 
rods or prestressed strands without manufacturer's consent. 

Remove lifting devices and grout surfaces flush with.concrete. 

Refinish damaged surfaces to match adjacent areas. 

Allowable Erection Tolerances: 

1. Alignment between Units and Along Other Structural Elements: 118 in./lO ft, vertical and 
horizontal. 

GROUTING, POINTING, AND CAULKING 

Grout joints between units. 

CLEANING 

After installation, clean exposed concrete surfaces with water using brush or pressure wash. Rinse 
thoroughly with clean water. 

* * * END OF SECTION * * * 

. .  . .. 
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SPEC-1 11 00-0953 
SEEP PASSIVE TREATMENT SYSTEM 

PART1 GENERAL 

1.01 SUMMARY 

This section discusses extension and replacement of the existing seep treatment system located at 
the toe of the eastern face of the landfill. Flow from the anchor trench and the groundwater 
interceptor system will be connected to the seep treatment system and three new manholes will 
be constructed to combine the flows prior to treatment in the aeration unit. A system layout is 
shown on drawing 5 I78 1-01 7 which discusses the inflows of the three manholes. 

L 

I The existing concrete vault and steel tank and interconnected piping will be excavatedexposed 
(except the flow meter and associated electronics), and removed as solid waste- The footprints of 
the existing concrete vault and steel tank will be filled with soil compacted to 95 percent 
standard Proctor. The existing polyvinyl chloride (PVC) seep collection grid will remain intact. 
The outlet pipe from the PVC seep collection grid will be extended from the former vault invert 
at a minimum 2 percent grade to an outlet in a new manhole. This extended outlet pipe will be 
constructed of 3-inch Schedule 80 PVC double contained in a 5-inch Schedule 80 PVC carrier 
pipe. 

This double contained extension will be placed in a drainage trench feature, filled with free 
draining rock encased in a geotextile envelope. This geotextile-wrapped drainage trench will 
communicate with the existing PVC-lined pit under the existing seep collection gallery. This 
will then act as a final backup drainage pathway should the primary discharge piping, either new 
or existing, become impeded to flow. 

The new manholes will be pre-cast concrete and constructed in accordance with Section 03410: 
STRUCTURAL PRECAST CONCRETE. The inflows will enter the manhole at the elevations 
shown on Drawing 5 1781 -01 7. The existing flow meter and associated electronics from the 
existing seep treatment system will be relocated to the new manhole and installed on the 
extended seep collection system. The two outside pipe drain lines will drain into the manhole 
without a flow meter. 

An 3-inch Schedule 80 PVC pipe will flow from the manhole to the hew Aeration Treatment 
Unit. The Aeration Treatment Unit will be a Cast-In-Place concrete vault where, the discharged 
fluids will flow over a series of steps at decreasing elevations. The steps will cause the water to 
flow in a waterfall and provide volatilization necessary to treat the water, in a manner similar to 
the existing flagstone waterfall steps 

During the period of the execution of this task, the treatment system will remain in operation as 
long as possible. During any interruptions in treatment system operation, any discharging or 
collected fluids will be containerized for transport and disposal in the Rocky Flats Environmental 
Technoloa Site Consolidated Water Treatment Facility or treated in the temporary passive 
treatment system. 

I -02 R E F E ~ N C E S  

AMERICAN SOCIETY FOR TESTING AND MATERlALS (ASTM) 

. _ -  _ - -  
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D2467-92 Standard Specification for Socket-Type Poly (Vinyl Chloride) (PVC) Plastic 
Pipe and Fittings, Schedule 80 

D2564 Rev A-91 Standard Specitication for Solvent Cements for Poly (Vinyl Chloride) (PVC) 
Plastic Pipe and Fittings 

D4439 Standard Specification for Non-Woven Geotextile Fabrics 

1.03 GENERAL REQUIREMENTS 
Areas on which separation geotextile, or piping materials are to be placed shall be graded and 
dressed to lines and grades shown on drawings and in accordance with Section 021 10: SITE 
PFEPPLRATION. Eroded or washed out areas shall be repaired prior to placement of material. 

All excavation and backfilling requirements shall be executed in accordance with Sectiona'0222 I : 
EARTHWORK and Section 02245: STONE AND AGGREGATE MATERIALS. 

I 

I 

. 1.04 SUBMITTALS 

A. PVC Piping Product Data: 

1. Submit catalog cuts, product specifications, installation instructions,.and . . 

dimensioned drawines for each type of pipe, tube, and fitting. 

B. Separation Geotextile: . .. 
. . .  . - - . -  .. ....... ~ _ ._ .  ... . 

1. Submit catalog cuts, product specifications, installation instructions, and 
material samples. . . . .  

C .  SUBMITTALS 
I 

1. The following shall be submitted in accordance with Section 01305: 
SUBMITTAL PROCEDURES: 

a. List of  proposed equipment to be used in performance of construction 
work including descriptive data. 

Suppliers' Test Results demonstrating compliance with this specification 
and the Construction QNQC plan. 

Certified waybills and delivery tickets for all materials. 

b. 

C. 

1-05 MEASUREMENT AND PAYMENT' 

A. Measurement for Payment 

Make measurements of volumes andor areas necessary to support monthly project status 
reports that include an estimate of project percent complete. 

B. Payment 

Payment will be made as outlined in Section 01270: MEASUREMENTS AND 
PAYMENTS. 
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. .  

Mullen Burst 
Permittivity 
AOS (US. Std Sieve) 

PART2 PRODUCTS 

ASTM D 3786 
ASTM D 4491 0.2 sec-1 
ASTM D 475 1 

270 lbs. min. 

20- 1 00 

2.01 

i 
2.02 

I) 

2.03 

2.04 

Plastic Pipe and Fittings 

A. General 
1. Poly Vinyl Chloride Pipe (PVC): ASTM D2467 . 

2. 
3. Solvent Cement: ASTM D2564 

Schedule 80 socket type fittings: ASTM D2467 

B. Provide factory-fabricated fittings of type, materials, gade,  class, and pressure rating 
indicated for each service and pipe size. Provide sizes and types matching pipe, tube, 
valve or equipment connection in each case. Where not otherwise indicated, comply 
with governing regulations and industry standards for selections and pipe manufacturer's 
recommendations where applicable. 

Separation Geotextile 

A. The geotextile shall comply with the requirements of ASTM D 4439, and shall consist of 
polymeric filaments that are formed into a stable network such that filaments retain their 
relative positions. The filament shall consist of a long-chain synthetic polymer 
composed of at least 85 percent by weight of ester, propylene, or amide, and shall 
contain stabilizers andor inhibitors added to the base plastic to make the filaments 
resistance to deterioration due to ultraviolet and heat exposure. Synthetic filter fabric 
shall contain ultraviolet ray inhibitors and stabilizers to provide a minimum of six 
months of expected usable construction life at a temperature range of 0 to 120 depees F. 
Unless otherwise approved by the Construction Quality Assurance Engineer or 
DESIGNER, the filter fabric shall meet the following requirements: 

Traoezoid Tear . I ASTMD4533 I 55 Ibs. min. I 

Drainage Rock 

A. Narrowly graded mixture o f  natural or crushed gravel, or crushed stone and natural sand; 
ASTM D 448; coarse-aggregate grading Size 67; with 100 percent passing a 25 mm (1 
inch) sieve and 0 to 5 percent passing a 4.75 mm (No. 4) sieve. 

Concrete 

A. See Section 03410: STRUCTURAL PRECAST CONCRETE for details on installation and 
construction of the new manhole. 
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B 
B. See Section 03300: CAST-IN-PLACE CONCRTE 
construction of the Aeration Treatment Unit. 

PART3 EXECUTION 

I INSTALLATION 

1 3.01 

' : 

3.02 

3 -03 

3 -04 

for details on installation and 

*I 

PVC Pipin2 
A. Install pipe, tube, and fittings in accordance with recognized industry practices and 

Section 1 1 101: PVC PIPMG achieving permanently leak proof piping systems, capable 
of transporting the seep liquid to the treatment tank. Install the run with minimum joints 
and couplings, but with adequate and accessible unions for disassembly and maintenance 
and/or replacement of valves and equipment. 

For buried piping, hrnish fill material and install piping in accordance with 
Section 02245: STONE AND AGGREGATE MATERZAL. 

I 

B. 
I 

Separation Geotextile 

A. 

. .  

Place a layer of drainage fabric around perimeter of drainage trench as indicated. Place 
sufficient course of free draining rock materjal on drainage fabric to support drainage 
pipe, as application dictates. Complete backfilling with free draining rock material to. 
accommodate design requirements. Wrap top of drainage trench in drainage fabric, 
overlapping sides and ends at least 6 inches. 

Place a layer of fabric under the manhole. and Aeration Treatment Unit as shown on 
Drawing 5 I78 1-01 7. ' 

. 

. .  . .  

B. 

, 

Manholes . .. 

A. Install the manholes to the lines and grades as shown in the Drawings in accordance wi!h 
recosnized industry practices and Section 03410: !XRUcTuRAL PRECAST 
CONCRETE. Place manhole over 4-inches of drainaze rock base and a separation 
geotextile as shown on Drawing 51 781-017. 

Aeration Treatment Unit 

A. Construct the Aeration Treatment Unit to the lines and grades as shown in the Drawings in 
accordance with recognized industry practices and Section 03300: CAST-IN-PLACE 
CONCRETE and reinforced according to Section 03200: REINFORCING CONCRETE. 
Construct Aeration Treatment Unit over 4-inches of drainage rock base and a separation 
geotextile as shown on Drawing 51781-017 and 51781-018. 

/ 

***END OF SECTION*** 

SPEC- I I 100-0953-4 
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1.0 PURPOSE AND SCOPE 

Quality assurance (QA)/quality control (QC) for the construction of the geosynthetic composite 

cover (Present Landfill ipLFJ Cover) at the Present LandfilTwilT-6e cFnducted in accordance 

with this QNQC Plan. This QNQC Plan has been prepared by Earth Tech, Inc. (Earth Tech) for 

the Contractor (Kaiser-Hill Company, L.L.C. Kaiser-Hill]) in conjunction with the design of the 

PLF Cover and will be implemented in its entirety to ensure the following: 

1, All Rocky Flats Environmental Technology Site (RFETS) project activities are 
performed in a manner consistent with the intent of all approved drawings and 
specifications. 

e All performance criteria are achieved. 

e The specified quality of work is maintained. 

This Construction QNQC Plan is a site-specific document that addresses organization, authority, 

responsibilities, the definable features of work (DEW), specific QNQC requirements of project- * specific tasks, and QNQC documentation and submittals. This document includes 

considerations specific-to the requirements of the construction of the PLF Cover. 

1.1 DEFINITIONS OF QUALITY CONTROL AND QUALITY ASSURANCE 

QC is the overall system of technical activities that measures the attributes and performance of a 

process, item, or service against defined standards to verify that -the process, item, or standard 

meets the established requirements. Effective QC will benefit the Contractor, subcontractors, the 

Department of Energy (DOE), and RFETS by reducing deficiencies and the need for corrective 

actions, resulting in reduction of costs and adherence to project schedules. QC will be the 

complete responsibility of the designated construction subcontractor (Subcontractor). QC duties 

include generation of the Daily QC Report, generation of site photographs, oversight of DFW, 

review of Tier 2 Subcontractor submittals (final approval by the Construction Quality Assurance :- 

[CQA] Engineer [CQAE] and Contractor’s Technical Representative [CTR]), and documentation 

of overall site activity. 

a* 
. .. 
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QA is the system that provides oversight and evaluation of the QC process and overall quality 

goals to ensure that QC is working effectively and that the project goals are being met. QA 

personnel are responsible for monitoring QC activities to ensure that the work complies with the 

con tract requirements. 

B 

1.2 CHANGED CONDITIONS/CHANGE NOTICES 

All members of the overall Design Team (Team) (Kaiser-Hill and Earth Tech) recognik the 

potential for the project scope or site conditions to change during execution of environmental 

restoration projects. A11 changes will be handled by a consensus approach by the Team, the 

Colorado Department of Public Health and Environment (CDPHE), and the Environmental 

Protection Agency (EPA) and will be thoroughly discussed at the weekly Status Meeting. 

_ _  

When a project change is agreed upon by the Team, it shall be evaluated for the level of 

documentation required for the change to be implemented Documentation of a change can be 

included in the QNQC daily reports with approval by the CQAE or as detailed as a formal 

submittal to Kaiser-HilyDOE on a Field Engineering Change Request (FECR) form (see 7' 

Appendix A). 

The EPA and CDPHE will be notified and their concurrence obtained for major design changes 

after the design documents have been approved. Minor design changes resulting in a more 

conservative construction approach will be documented and - -  approved by the CQAE in the daily 

reports or using the Request for InformatiodClarification (RFI) process. Regardless of the 

documentation, CDPHE and EPA will be notified of the change. Minor design changes resulting 

in a less conservative construction approach will be handled through the RFI process, in which 

the CDPHE and EPA will be involved. 

The .RFI process is used when the Subcontractor or QNQC persorinel require additional 
__ - iiiforrnation or clm'fication on any design or specification aspect of the PLF cover. The RFI will 

be submitted to the Team and tracked on a RFI log. A copy of the RFI log will be submitted to 

the EPA and CDPHE whenever there is a change or at a minimum of once a week. 

B . .  
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1.3 ORGANIZATION 

The remainder of this document is organized as follows: 

e 

e 

e 

e 

e 

4 

-. - _  __ 
Section 2.0 presents the anticipated project organization and personnel. 
Section 3.0 contains definable features of work. 
Section 4.0 presents the Quality Control Program. 
Section 5.0 discusses Construction Quality Assurance. 
Section 6.0 presents documentation and submittal information. 
Section 7.0 discusses government property inventory. 

I 

. . .  . .  . -. . . . . . . . . . . . .  ..i-.- . . . . .  

.. 

. . . .  . . . .  . .  . .  

- .......... 
. . . . . . . . . . .  . - . _. . .  
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2.0 QUALITY ASSURANCEYQUALITY CONTROL ORGANIZATION 

2.1 PROJECT ORGANIZATION 
__ 

It is the responsibility of all personnel to create a work environment in which all project entities 

work together to produce the type and quality of results that are expected. This includes site 

personnel from all organizations concerned Earth Tech, the Subcontractor, the Tier 2 

subcontractors, Kaiser-Hill, €WETS, and the DOE. The organization of the project outlines a 

structure that includes overall contract management and responsibility by the Subcontractor, and 

on-site construction management, health and safety monitoring, and construction quality control. 

With this organization, the Subcontractor conducts the majority of fieldwork,‘ provides overall 

direction, and acts as a liaison between Kaiser-Hill and the DOE. It is anticipated that the 

following personnel will serve in specific QNQC roles for the construction of the PLF Cover: 

- ~- 
-_ - - -  3 _ _  ___=- -  - 

0 

0 

Mr. Bob Davis (Kaiser-Hill), CTR 
Mr. Randy Thompson (Earth Tech), Design Manager 
John Rahe (Tetra Tech), CQAE 
Josh Valentine (Tetra Tech), Site QA Manager (SQAM) ‘. L 

: - 
0 

0 

0 

0 

Mark McClain (Golder), Quality Control Site Manager (QCSM) 
Mr. Ryan Archibald (Earth Tech), Engineer’s Representative 
Paul Kreitz (Stoller), Construction Manager 
Ms. Mary Kaiser (Kaiser-Hill), Contract Manager 

As CTR, Mr. Davis has responsibility for coordination of work performed at RFETS by the 

Subcontractor. Mr. Davis, in the role of ClX, has overall responsibility for verifying that all 

project.participants properly implement their duties as related to the construction of the PLF 

Cover. Changes to the project scope or approach to the implementation of the design brought on 

by differing site conditions or refinements to the task approach will be approved through Mr. 

Davis. Mr. Davis will also serve as the primary point of contact for all issues involving the DOE 

or RFEIS. The CiX will be responsible for overall management and coordination of project- 

related engineering and construction activities and the execution of the QNQCPlan, including 

final approval of all submittals along with the CQAE. He will be assisted by the Design 

Manager, Mr. Randy Thompson, and in the field by the Engineer’s Representative, Mr. Ryan 

T. Archibald- 
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The CQAE will be responsible for certifying to RFETS, EPA, and CDPHE that the construction 

has been completed in accordance with the EPNCDPHE-approved plans, drawings, and 

specifications. The CQAE will be-a-Pmfessional Engineer (PE) registered in the State of 

Colorado who has provided engineering oversight for at least 'five completed projects totaling 

over 2 million square feet (ft2) of each geosynthetic layer installed. The CQAE represents the 

organization responsible for QA; therefore reference to the CQAE also refers to hidher company 

r designee. The designee for the PLF Cover installation will be the CQAE; any reference to the s QAM in this Construction QA Plan also refers to the CQAE. The CQAE is responsible for the 

development, imp1ementation;and compliance of the manufacturing and construction QA 

program for the entire scope of work administered by the Subcontractor. As such, the CQAE 
- 

will coordinate QA policy in accordance with EPA guidance for activities at RFFiTS and 

evaluate the QA policy impacts to constructio? tasks at RFETS. 

The CQAE is responsible for on-site project QA on a daily basis and for communication with the 

Team. This mainly entails the responsibility to monitor, oversee, and direct the daily QA 

activity. The SQAM will complete a Daily QA Report and review the Daily QC Report. The 

SQAM will be onsite during all construction operations. The CQAE will be on site when 

appropriate. It is also the CQAE's responsibility to approve Subcontractor submittals and submit 

them to the CTR for final approval before construction of the PLF Cover begins. 

0) 

The CQAE and hisher authorized representatives will be hired from companies separate from 

the Subcontractor, Kaiser-Hill, or Earth Tech, or any of their corporate affiliations. Furthermore, 

all CQA staff, including the SQAM, will be employed by the CQAE or hidher firm or will 

otherwise be subcontracted by the CQAE or hidher firm. However, the persons who will serve 

as the CQAE and SQAM will not be determined until the project is approved for construction 

and a formal bid and contracting effort have been undertaken. The EPA and CDPHE will 

receive the CQAE's qualifications at least 10 days before construction operations begin for 

verification that hisher qualifications meet the requirements. 

The SQAM will be present, full-time, for the duration of the project. The SQAM has primary 

responsibility for field activity performance and documentation and for direct coordination with 

subcontractors and RFETS personnel as the fieldwork is conducted. The SQAM shall have 
.A' 
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provided QA or QC oversight for at least five completed projects totaling over 2 million ft2 of 

each geosynthetic layer installed. The SQAM will ensure that construction activities follow the 

procedures presented in the Work Plan and will support the CQAE in implementing the QA 

program. The person serving as the SQAh4 will not be determined until the project is approved 

for construction and a formal bid and contracting effort have been undertaken. The EPA and 

CDPHE will receive the qualifications of the SQAM at least 10 days before construction 

operations begin for verification that hidher qualifications meet the requirements. +‘If any 

alternate SQAM is used, their qualifications must be submitted to the EPA and CDPHE for 

approval prior to commencing their duties. 

I 

- _ .  
- -.-_ 

The Subcontractor will provide the QCSM who will verify that day-today tasks are performed 

according to the approved project specifications and procedures and who will report directly to 

the Team and the CQAE. The QCSM will be present, full-time, for the duration of the project. 

The QCSM shall have provided QA or QC oversight for at least five completed projects totaling 

over 2 million ft2 of each geosynthetic layer installed- The QCSM’s daily activities will include 

assimilation of data for, and preparation of, the Daily QC Report and coordination and control of 

project-specific quality records. The QCSM will also implement and take the lead role in 

promoting and enforcing QC to all project Tier 2 subcontractors as well as coordinate all project 

inspections in accordance with criteria established by the overall construction team. The EPA 

and CDPHE will receive the qualifications of the QCSM at least 10 days before construction 

operations begin for verification that hidher qualifications meet the requirements. If any 

alternate QCSM is used, their qualifications must be submitted to the EPA and CDPHE for 

approval prior to commencing their duties. 

The geosynthetics testing laboratory shall have provided quality control and/or quality assurance 

testing of the proposed geosynthetics for at least five completed projects having a minimum area 

of 2 million square feet. The laboratory shall be accredited via the Geosynthetics Accreditation 

Institute’s Laboratory Accreditation Program (GAI-LAP) or participate in ASTM’s “Round 

Robin” testing. The soils geotechnical testing laboratory shall be accredited by the American 

Association of State Highway and Transportation Officials (AASHTO). 

. 
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2.2 PROJECT MEETINGS 

Periodic meetings will be held throughout the construction project to help ensure quality work. 

The meetings are intended to- maintain- communication among the Contractor, CQAE, QCSM, 

Subcontractor, DOE, EPA, and CDPHE and their representatives.' These' meetings will help 

B 

maintain familiarity with construction procedures and activities, quality issues, health and safety 

issues, and recent design changes, if any. Meetings to be conducted are as follows: 

. . i Preconstruction inspection and meeting; 
e QNQC meeting; 
e Weekly progress-meetings; 
e Health and safety meetings; 
e 

e 
Problem or work deficiency meetings (as needed); and, 
Phase meetings (preparatory, initial, and follow-up phases). 

The schedule, agenda, and attendees of these meetings are discussed in the following 

subsections. 

D 2.2.1 Preconstruction Inspection and Meeting 

A preconstruction inspection and meeting will held at the site and will be scheduled a minimum 

of 3 weeks before construction activities begin. The CTR, CQAE, QCSM, Subcontractor, DOE, 

EPA, and CDPHE will be asked to attend. The purposes of the preconstruction inspection and 

meeting are to: 

8 

8 

8 

8 

8 

e 

e 

e Review protocol for testing; 
e 

e 

e 

Conduct a site walk to discuss work plans and inspect work areas; 
Discuss any appropriate modifications and develop design addenda, if necessary; 
Review the responsibilities of each party; 
Review lines of authority and communication; 
Review procedures for documentation and reporting of information; 
Review procedures for submittal of RFIs; 
Review distribution and storage of documents and reports; 

Establish protocol for handling construction deficiencies, repairs and retesting; 
Review a time line schedule for all operations; and 
Discuss the Subcontractor's intended procedures. 
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2.2.2 QMQC Meeting 

A QNQC meeting shall be held before the start of construction activities to clarify the roles of 

the QNQC staff. At a minimum, the meeting will be attended by the QCSM, who is in charge of 

QC activities; the CQAE, who is charge of QA activities; the CTR; the Design Manager; and 

representatives from the CDPHE and EPA. The meeting shall include the following: 

@ 

0 

0 

0 

2.23 

Conduct a site walk to discuss QMQC work as it pertains to each site; 

Review procedures for submittal of a RFI; 
I 

Discuss the lines of authority; 

Discuss the lines of communication between the QNQC staff; 

Review the responsibilities of each party; 

Review the protocol for testing; 

Establish procedures by which the Subcontractor assists the QNQC staff in obtaining 
samples; 

Review the protocol for handling construction deficiencies, repairs and retesting outlined 
in the following sections; 

Review procedures for documentation and reporting of information; 

Review distribution and storage of documents and reports; and 

Establish a schedule for completion of all documentation. 

Weekly Progress Meetings 
- 

Weekly progress meetings will be held to (1) review and discuss the previous week's activities 

and progress, (2) discuss current and future work, (3) discuss any current or potential 

construction problems, (4) discuss outstanding action items and their resolutions, and (5 )  discuss 

new action items. The QCSM and CQAE will attend all meetings or assign a representative to 

attend in their absence. The QCSM will schedule and conduct the weekly progress meetings and 

will transmit the meeting minutes to all parties attending the meeting and to the CTR. The CTR 

shall be informed 

individuals may be 
b' 

of all scheduled meetings and may add special agenda items. Other 

requested to attend the weekly meetings depending upon recent or future 
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work activities. Designated representatives from the CDPHE and EPA shall be invited by the 

CTR to attend all weekly meetings so that they may discuss and evaluate progress. 

2.2.4 Health and Safetf Meetings 

B 

B 

Health and safety meetings -will be conducted by representatives from RFETS. The meetings 

will be held at least weekly or (1) whenever risks or hazards change, (2) whenever new 

personnel arrive, and (3) when field operations warrant indoctrination and training. Safety 

k t i n g s  will be conducted by the RFETS representative and will be attended by all site project 

personnel involved, as appropriate. Where procedural deficiencies are identified, additional 

safety meetings will be conducted to address the situation. The following will be addressed 

during the health and safety meetings: 

0 Review of planned activities, 
0 

0 Hazards suspected, 
0 ~ersonal  protective equipment required, 
0 Communications, 
0 Field personnel responsibilities, and 
0 Emergency procedures. 

2.2.5 

Work area health and safety designations, 

Problem or Work Deficiency Meetings 

Special meetings may be held when a problem or deficiency occurs or is identified. Personnel 

will not wait until weekly progress meetings to address problems or deficiencies. Special work 

.- deficiency meetings will be attended by the CTR, QCSM, Design Manager, CQAE, SQAM, 

relevant subcontractors, and/or other involved parties, as necessary. The purpose of these 

meetings will be to identify problems or deficiencies in the construction work, review alternative 

solutions, and select and implement corrective measures to resolve the problems or deficiencies. 

2.2.6 Phase Meetings 

Meetings will be held prior to beginning any activities - -  for each phase of a DFW. DFWs and 

each phase of control are described in detail in the Section 3.0. 

2.3 PROJECT PROTOCOL 

Adherence to approved project protocol will be the responsibility of all parties throughout 

construction of the PLF Cover. The protocol is applicable to all phases of the project will be 

... 

04 

... . . . - . . 
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enforced by both QA and QC personnel. Protocol includes project documentation, proper 

document etiquette, and the hold point/release process. 

2.3.1 QMQC Documentation -- 

Final acceptance of the constructed cover system will be achieved through adequate 

documentation of the construction and QNQC activities. Attachment 1 provides sample project 

forms to be used throughout construction and lists the party responsible for completion df each 

form. Final approval of all project forms will come from the CQAE and the CTR. All'project 

forms may be modified to suit construction activities so long as the modifications are approved 

by the CQAE and CTR. Project forms are as follows: 

Daily Quality Control Report - QCSM 

Daily Quality Assurance Report - SQAM 

Field Nuclear Density Test Log - QCSM 

Certificate of Acceptance of Soil Regrade Surface - QCSM 

Certificate and Acceptance of Soil Subgrade Surface - Geosynthetic Installer's 
Representative 

Material Deliveryhventory Checklist - QCSM 

Log of Geosynthetics Received - QCSM 

FML [Flexible Membrane Liner] Destructive Test Log - QCSM 

FML Non-Destructive Test Log - QCSM 

Trial Weld Information Log - QCSM 

FML Panel Placement Form - QCSM 

FML Panel Seaming Form - QCSM 

FML Repair Report - QCSM - - 

GCL [Geosynthetic Clay Liner] Panel Placement Form - QCSM 

RFI Form - QCSM 

RFI Log - QCSM 

Hold PointLRelease Forms - QCSM 
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Project forms are not limited to this list and may be added as needed during construction or as 

required by the CQAE. Completed forms will be included in the Construction Completion 

3 D 
- 

Report- described- in Section 6 .O - . _ -  

2.3.2 Document Etiquette 

A11 project forms will be completed in blue or black ink in a legible manner. Errors made in any 

handwritten form will be crossed out with a single line and the correct information entered. The 

cLange will be initialed and dated by the individual making the correction. 

- . Upon completion of a project form, it will be submitted to CQAE for r e v i w - n d  approval, 

Ongoing forms, such as field nuclear density test logs, will be submitted daily to SQAM. After 

approval by the CQAE, the forms will be submitted to the CTR. 

233  Record Keeping 

It is the responsibility of all parties involved to adequately handle project records to eliminate 

misplaced or stolen records. All project records generated on the site during construction will be 

placed in a locked file cabinet under the control of the QCSM and SQAM. Examples of on-site 

project records include daily reports, testing logs, and load tickets. Following construction, 

relevant file copies of all site records will be kept by the Subcontractor, the QA subcontractor, 

and the Contractor. Any record requiring Contractor approval will be kept in project files at the 

Contractor’s place of business. QA-approved documents will be kept on-site and with the QA 

firm’s place of business. Correspondence with the EPA, CDPHE, or other regulator will bi: 
through Certified Mail unless the item is handled over electronic mail. 

B 

23.4 Hold PoinVRelease 

The hold pointhelease process will be utilized during construction to ensure design and 

specification requirements are met prior to proceeding with work. The Subcontractor may not 

proceed with subsequent phase work until the following hold points are met with written 

documentation and approval by the CQAE and CTR. Once approval of the hold point is given 

the work is released and the subcontractor may proceed. Hold points are outlined in the 

, B following table: 



Geotech testing in accordance with Specification 02200. 

Geosynthetics Interface Testing in accordance with 
Specification 02210. 
Equipment list. 
Acceptance of regraded surface (including as-built 
survey. 
Acceptance of subgrade surface (including as-built 
survey). 

Geosynthetics Interface Testing in accordance with 
Specification 02210. 
Procurement of geosynthetic material, cushion soils, and 
infiltration layer soils. 
Mobilization of equipment and construction. 

GCL cushion soil placement (active area). 

GCL placement (active area). 

~ ~~ 

Hold points may be added at the discretion of QNQC personnel, the Design Engineer, or the 

CTR. Each PLF Cover layer will be qualitatively inspected, surveyed, and documented on the 

forms discussed in Section 2.3.1. Since the layers will be placed concurrently, drawings showing 

Acceptance of gas management system (including as- 
built survey). 
Acceptance of GCL material and placement (including 
as-built survey). 
Acceptance of LLDPE material and placement (seams, 
panels, repairs, destructive test sampling, and as-built 
surveys of placement and anchor trench alignment). 

as-built survey). 
Acceptance of rock cushion layer material and placement 
(including as-built survey). 
Acceptance of rock material and placement (including 
1s-built survey). 

)Acceptance of soil infiltration layer material and 
placement (including as-built surveys of final surface, 
perimeter drainage channels, and diversion berms). 
Acceptance of seep treatment system (including as-built 
survey). 
Erosion mat manufacturer’s OC data. 

Acceptance of GDN material and placement (including 

the active areas of approved hold points will be included with the Daily QC Reports. 

2.3.5 Nonconforming Conditions 

GCL placement (active area). I 

Liner lowdensity polyethylene (LLDPE) placement 
(active area). 

Geocomposite drainage net (GDN) placement (active 
area). 

Rock cushion layer placement (active area). 

Rock layer placement (active area). 

Soil infiltration layer placement (active area). 

Seeding. 

Operation of seep treatment system 

Placement of erosion mat 

Nonconforming conditions will first be noted in the QCSM’s or SQAM’s daily report. The 

repok will have action item checklists that will be canid over to following reports until the 

nonconformance is remedied. If the issue cannot be addressed by the QCSM or SQAM, the 

nonconforming conditions may be handled through the Request for Information (RFI) process, 

which involves the entire Design Team as well as the Regulators. In any case, discussion of e nonconforming conditions will take place during weekly construction meetings. For major 



m; 
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3.0 DEFINABLE FEATURES OF WORK 

The specific Q N Q C  activities required throughout the work sequence of the construction of the 

PL;F Cover will be based on DFW and the three phases of control. A DFW-is a task that is 

separate and distinct from other tasks and has separate control requirements. The following 

DFWs are anticipated for the construction of the PLF Cover 

0 Regrade surface preparation,. 
0 Installation of the landfill gas venting system, 
0 Subgrade preparation, 
0 Installation of the composite cover system, ._ 

0 

0 

Installation of the seep treatment system, and 
Installation of surface water and access control structures. 

The phases of control (Preparatory, Initial, and Follow-up) will be followed for each DFW, and 

all phases will be documented in the Daily QC Report as they occur. All phase meetings will be 

conducted by the QCSM and attended by the CQAE and the foreman responsible for the DFW. 
The ClX will be notified at least 48 hours prior to the phase meeting. 

3.1 PREPARATORY PHASE 

The Preparatory Phase involves review of design plans and specifications, inspection of 

materials, and a preparatory meeting with all supervisors involved with the DFW. A Preparatory 

Phase meeting shall be performed prior to beginning work on each DFW and shall include the 

following: 

0 

0 

A review of each paragraph of the applicable .specifications; 

A review of the contract/delivery orderplans; 

0 A check to ensure that all materials and/or equipment has been tested, submitted, and 
approved; 

. .  
0 A check to. ensure that.provisions have been made to"provide re$.&ed .QC inspection a i d  

testing; 
. . . . . . . . .  - . . . . . . . . . .  . .  . .  . .  

e An examination of the work area to ensure that all requitwl.prelim-nary work has been . . 

completed and is'in compliance with the contract; . . . . .  . . . .  . . . . . . . . . . .  
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A physical examination of the required materials, equipment, and sample work to ensure 
that they are on hand, conform to approved shop drawings or submitted data, and are 
properly stored; 

A review of the appropriate activity hazard analyses to ensure safety requirements are 
met (hazard analysis forms are required to be submitted 48 hours prior to the meeting); 

0 

D 

- --- - 

0 

0 A discussion of procedures for conducting the work, including elimination of repeated 
deficiencies, document tolerances, and workmanship standards for that phase of .  work; 
and 

A check to ensure that the portion of the plan for the work to be performed has been 
I 

accepted by the CQAE and CTR- - ._ 

At the meeting, the CTR shall instruct applicable workers as to the acceptable level of 

workmanship required to meet the contract requirements. 

When working in many areas on similar tasks, such as geotextile placement for surface water 

drainages or GDN deployment, mini-preparatory meetings will be initiated at .the discretion of 

the SQAM. Recognizing the importance of safety, all parties will reviewhevise the task-specific 

Job Safety Analyses as a part of the Preparatory Phase meeting. 
B 

3.2 N T I A L  PHASE 

The Initial Phase consists of a review of work practices and procedures and must be 

accomplished at the beginning of a DFW field activity. The following will be accomplished: 

0 Check of preliminary work, 
0 

0 Establish level of workmanship, 
0 Resolve all differences, and 
0 

Verify full contract compliance and required control inspection and testing, 

Check safety to include compliance with safety plan and activity hazard analyses. 

The CTR and CQAE shall be notified at least 48 hours in advance of beginning the Initial Phase, 

as required in Specification Section 01440. The CTR and CQAE shall ensure that the workers 

are instructed as to the acceptance level of workmanship. The Initial Phase shall be repeated for 

each new crew that will be working on-site or any time the established level of workmanship is 

not being met. 
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3.3 FOLLOW-UP PHASE 

The Follow-up Phase is the continued inspection of practices and procedures for the remainder of 

site activities for that DFW. Daily checks shall be performed to-ensrrte continuing compliance 

with contract requirements, including control testing, until completion of the particular feature of 

work. Final follow-up checks shall be conducted, and all deficiencies shall be corrected prior to 

the start of additional features of work. 

he-final and final inspections of completed systems and/or segments of systems will be 

conducted to verify compliance with documented ins-mctions, drawings, procedures, and 

specifications. The CTR and CQAE will be notified 48 hours in advance of each inspection. 

Inspections will be documented in the Daily QC Report. 

I 

~ 

Section 4.0 of this plan descxibes the QNQC inspections and activities required for each 

~ 

significant component of the project. Each significant component references the DFW to which 

9 component is assigned. . ~,. 
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4.0 QUALITY CONTROL PROGRAM 

This section of the Construction QNQC Plan addresses the field QC requirements for 

construction of the PLF Cover. It  specifies the QC program to be implemented by the 

Subcontractor with regard to observation requirements, laboratory and field testing requirements, 

testing frequency, required testing parameters, and resolution of deficiencies/problems. The 

latest version of all American Society for Testing and Materials (ASTM) and Geosynthetic 

Research Institute (GRI) testing standards shall be utilized. Section 5.0 presents the QA 

program. 

In general, QC test locations will be chosen either randomly or based on identified suspect areas. 

The final QC tests will be performed on the remaining fractions of the required frequency 

interval given in Tables 4.51 and 4.2. Material quantity estimates are found'in Table 4.3. 

The QCSM will be responsible for implementing the requirements set forth in this section. All 

deficiencies will be reported to the SQAM for resolution. The CQAE or authorized 

representatives will be responsible for verifying and documenting adherence to the requirements 

set forth in this section. Documentation will be performed in accordance with Section 6.0. The 

QCSM will obtain the services of an independent QC laboratory/firm (when this function is not 

delegated to the supplier/installer in the Specifications) to ensure QC monitoring/testing of all 

design components. All QC laboratories/firms will be approved by the CQAE. 

4.1 LANDFILL SUBGRADE PREPARATION AND FILL PLACEMENT 

4.1.1 Verification of Landfill Cover Subgrade Continuity 

During cut and fi l l  of the landfill cover subgrade, the QCSM will: 

0 Inspect the subgrade and note areas of weak subgrade material; 

0 Observe the proof rolling of the subgrade and note areas for repair that exhibit excessive 
rutting, heaving, or softening; 

0 Verify that the soil within the top 6 inches of the subgrade does not contain refuse, debris, 
vegetation, or any material that may leave voids in the subgrade; 

. .  . 
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Observe and document placement and compaction of grade fill including lift thickness 
(through direct measurement or GPS survey), type of equipment used, and number of 
passes; and- 

0 

B 

-- - ~ 

0 Ensure through record survey by a Professional Land Surveyor that the design grades are 
met. 

The Subcontractor will be required, in accordance with the Specifications, to remove and replace 

r repair subgrade areas that exhibit excessive rutting, heaving, softening, or deflection. After 

the areas identified have been repaired, the QCSM will verify and document the repair. The 

QCSM will report any problems or deviations from the above requirements to the SQAM. 

4.1.2 Fill Placement and Compaction 

9 

The Specifications will be followed for the placement and compaction of grade fill or compacted 

backfill. The QCSM will monitor the fill placement and compaction to verify and document the 

0, 
following: 

B o  The soil being placed meets the Specification requirements as determined by the test -2 
methods and frequencies presented in Table 4.2. 

The compacted lift thickness is in accordance with the requirements of the Specifications. 

I 

l 
e 

0 

4.1.3 Conformance Evaluation 

The fill is moisture-conditioned and compacted in accordance with the Specifications. 

Where density testing is required by the Specifications, either nuclear density meter, sandcone, 

or rubber balloon test methods will be used for the field testing of the in-situ dry unit weight and 

moisture content of the in-place, compacted fill. One sand cone test (ASTM D 1556) or rubber 

balloon test (ASTM D 2167) and one laboratory moisture content (ASTM D 2216) test will be 

conducted per 20 nuclear density tests (ASTM D 2922) to calibrate the -results of the nuclear 

density meter and in cases of uncertainty about the nuclear density meter test results. Allowable 

moisture and dry density correlation deviation limits are presented in the Specifications. Any 

discrepancies between test results will be resolved by the CQAE and the Team. 

If an in-place density test result fails to meet the Specifications, a confirmatory test will be 

performed immediately adjacent to the failed test. If the confirmatory test meets or exce-ds 
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Specifications, a second confirmatory test will be performed at a second location immediately 

next to the failed test. If the second confirmatory test also meets or exceeds Specifications, the 

area will be declared as meeting project Specifications and. the confirmatory tests will be 

reported. If either confirmatory test fails to meet the Specifications, additional testing will be 

performed to identify the limits of the area that does not meet project Specifications. These areas 

will be reworked or the failing soils will be removed and replaced, and retesting.wil1 be 

performed until passing results are obtained. 
I 

If a defective area is discovered in the fill, the QCSM and SQAM will evaluate the extent and 

nature of the defect. If the defect is indicated by an unsatisfactory test result, the QCSM and 

SQAM will assess the extent of the defective area by additional tests, observations, a review of 

records, or other means that the CQAE deems appropriate. If the defect is related to adverse site 

conditions, such as excessively wet soils or surface desiccation, the QCSM and SQAM will 

define the limits and nature of the defect by testing or observation. After the extent and nature of 

(0 a defect are identified, the QCSM will notify the CQAE and Subcontractor and verify that the 

deficiency has been corrected by the Subcontractor before any additional work is performed in 

the area of the deficiency. 

- 

4.2 GEOSYNTHETIC CLAY LINER 

4.2.1 Manufacturing and Delivery 
- ._ . - 

The geosynthetics subcontractor will be required to provide the QCSM with the following 

information from the GCL manufacturer. 

0 Certifications required by the Specifications signed by a responsible party employed by 
the GCL manufacturer. 

0 The manufacturing QC certificates for each shift's production of GCL rolls, which 
include GCL roll numbers and identification, sampling procedures, and descriptions, and 
results of QC tests for GCLs required in the Specifications signed by a responsible party 
employed by the GCL manufacturer. 

The CKSM will examine all GCL,manufacturer's certifications to verify and document that the - 
property values listed on the certifications meet or exceed those described in the Specifications 

J 

and that proper and complete documentation has been provided by the GCL manufacturer for all 



B 

B 
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GCL used at the site. The QCSM will report any deviations from the above requirements to the 

SQAM and the geosynthetics subcontractor prior to installation of the GCL. 

4.2.2 Labeling 

The QCSM will verify and document that the GCL manufacturer has labeled all rolls of GCL as 

described in the Specifications. The QCSM will examine the rolls upon delivery, and any 

deviation from the Specification requirements will be reported to the SQAM and the 

ieosynthetics subcontractor prior to installation of the GCL. 

~ __ - - 

4.23 Shipment and Storage - - -  - 

The QCSM will observe the rolls of GCL upon delivery at the site. Any deviations from the 

requirements described in the Specifications will be reported to the SQAM and the geosynthetics 

subcontractor. Any damaged rolls will be rejected by the QCSM and will be required to be 

repaired. or replaced by the geosynthetics subcontractor. 

The rolls shall be stored in an area capable of protecting the material from ultraviolet light 

exposure, moisture, excessive humidity, puncture, cutting, or other damaging conditions. Rolls 

may not be left unprotected on the project site unless being placed that day. 

4.2.4 Conformance Testing 

The QCSM and SQAM shall examine the GCL rolls upon delivery and shall verify that the GCL 

manufacturer has labeled all rolls of GCL with the manufacturer’s name, product identification, 

lot number, roll number, roll dimensions, roll weight, and date manufactured. The SQAM shall 

record the roil number and the date each roll was delivered. 

The QCSM will ensure that manufacturer’s QC tests comply with the requirements listed in 

Table 4.1 and the Specifications. The CQAE is responsible for conformance samples at 

frequencies listed in Table 4.1. Samples will be M e n  across the entire width of the roll and will 

not include the first 3 feet. Unless otherwise specified, samples will be 3 feet long (minimum) 
- 

by the roll width. The SQAM will mark the samples with an arrow to indicate the direction of 

the cut. Samples will be taken at a rate of one per 100,000 ft2 or one per lot, whichever results in 

a greater testing frequency. These samples will be tested for peel strength (ASTM D 4632), 
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internal shear strength (ASTM D 6243), permeability (ASTM D 5094 or ASTM D 5887), index 

flux (ASTM D 5887). bentonite mass per unit area (ASTM D 5993), bentonite moisture content 

(ASTM D 2216 or ASTM D 4643), and bentonite swell index (ASTM D 5890). The CQAE will 

examine all results from laboratory conformance testing and will report any nonconformance to 

the CTR and Subcontractor as soon as the results become available (see Table 4.1). 

The following procedure will apply whenever a sample fails a conformance test that is conducted 

$ the geosynthetic laboratory: 

The Subcontractor will be required to replace the roll (or rolls) of GCL not in 
conformance with the Specifications with a roll that meets the Specifications. 

The SQAM will ensure that conformance samples are removed for testing by the 
independent laboratory from the closest numerical roll on each side of the failed roll. 
These two samples must pass the above conformance tests. If either of these samples 
fails, samples will be collected from the five numerically closest untested rolls on each 
side of the failed sample and tested by the independent laboratory. These 10 samples and 
samples from every roll subsequently delivered from the same manufacturer must be 
conformance-tested by the independent laboratory. The costs of all such additional tests 
are to be borne by the GCL supplier. 

Q N Q C  personnel will document actions taken in conjunction with conformance test failures and 

report all actions to the SQAM and geosynthetics subcontractor. 

4.2.5 Handling and Placement 

The Subcontractor responsible for GCL installation will be required to certify in writing that the 

surface on which the GCL will be installed is acceptable. The certificate of acceptance will be 

required to be given by the Subcontractor to the QCSM, who will then verify to the CQAE that 

the subgrade is accepted immediately prior to commencement of GCL installation in the area 

under consideration. 

After the surface on which the GCL is to be installed has been accepted by the Subcontractor 

responsible for GCL installation, it will be the QCSM's responsibility to indicate.to the SQAM 

and Subcontractor any changes in the underlying layer that may, in accordance with the 

Specifications, require repair work. If the QCSM requires repair work to be performed, it will be 

the responsibility of the Subcontractor to repair the underlying layer. 

-_- - - 
. . . . . . .  - 

. ,  . . . . .  . 
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The Subcontractor will be required to handle all GCL in such a manner as  to ensure the GCL is 

not damaged. The  QCSM will verify and document compliance with the following: 

B 

- -- - 
e Just prior to GCL placement, the subgrade that will underlie the GCL meets the 

requirements of the Specifications and Drawings, is approved by the CQAE, and is free 
of standing water, clumps, stones, rocks, or other obstructions that could potentially 
damage the GCL or overlying geomembrane. 

e 

e 

The GCL is weighted with sandbags (or equivalent weight approved by the Qo. 

The GCL is kept under tension to minimize the presence of wrinkles. If necessary, the 
GCL is to be positioned by hand after being unrolled to minimize wrinkles. 

e The GCLs are cut using a GCL cutter approved by the GCL manufacturer and the 
QCSM. If cut in place, special care is to be taken to protect other materials from damage 
that could be caused by cutting the GCL 

The methods and equipment used to deploy the GCL have not damaged the adjacent GCL 
or the subgrade. 

The GCL is  deployed in a manner that protects the GCL against the adverse effects of 
precipitation during deployment. 

e The GCL is not deployed during precipitation, and exposed GCL is covered in a timely 
manner. 

The QCSM will document any noncompliance with the above requirements and report it to the 

SQAM and Subcontractor. 

42.6 Seams and Overlaps 

The QCSM will document that the GCL is overlapped and secured in accordance with the 

Specifications and the manufacturer’s approved QC manual. Unless otherwise stated in the 

manufacturer’s QC manual, the minimum overlap is 6 inches on edges and 24 inches on ends. 

4.2.7 Repair 

The QCSM will verify that any defects in the GCL are repaired in accordance with the 

Specifications and the manufacturer’s approved QC manual. The QCSM will observe any 

__-_ - 

0 B 9 
repair, note any noncompliance with the above requirements, and report the noncompliance(s) to 
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the SQAM and geosynthetics subcontractor for resolution. A11 repair locations will be surveyed 

with GPS. 

4.3 GEOMEMBRANE 
- _ _ -  _ -  

43.1 Manufacturing and Delivery 

. 4311 Res/ir 

*or to the installation of the LLDPE geomembrane material, the geosynthetics subcontractor 

will be required to provide the following information from the geomembrane manufacturer 

0 A copy of the QC certificates issued by the resin supplier that include the origin (resin 
supplier's name and resin production plant), identification (brand name, number), the 
production date of the resin used in the manufacture of the geomembrane shipped to the 
site, and the results of tests conducted to verify that the quality of the resin used to 
manufacture the geomembrane rolls assigned to the project meets the Specifications. 

0 Certification from the geomembrane manufacturer that the resin used to manufacture the 
geomembrane meets the requirements of the Technical Specifications. 

The QCsM will review these documents and report any deviations from the above requirements 

to the SQAM and geosynthetics subcontractor for resolution. Final approval of the certificates 

will come from the CQAE and the CTR. 

43 12 Ceomembrme M m u  facfnrzng Qual2y Confrol 

Prior to the installation of the-LLDPE geomembrane, the geosynthetics subcontractor will be 

required to provide the QCSM with the manufacturing QC certificates for each shift's production 

of geomembrane signed by a responsible party employed by the geomembrane manufacturer 

(such as the production manager). The QC certificates will include the following: 

0 

e 

Roll numbers and identification, and 

Sampling procedures and results of QC tests required--by-.the Specifications, including 
descriptions of the test methods used for geomembrane rolls. 

The QCSM will verify and document that: 

The property values reported by the geomembrane manufacturer meet all of the specified 
values listed in the Specifications. 

- 
October 2006 , L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ N O O S I ~ ~ ~ Q C X F ~ U ~ Q A - Q C ~  4-7 
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0. The measurements of properties by the geomembrane manufacturer are properly 
B 

documented and the test methods used are in accordance with the Specifications. 

0 The QC certificates-have -been provided at the specified frequency for geomembrane 
rolls, and each certificate identifies the rolls or batch number related to  that certificate. 

The QCSM will report deviations from the above requirements to the SQAM and Subcontractor 

for resolution prior to installation of the geomembrane. The CQAE and the CI'R will approve 

these submittals. 

4313 Labehg 

The QCSM will verify and document that the geomembrane manufacturer has labeled each roll 

of geomembrane as required in the Specifications. The QCSM will examine the geomembrane 

rolls upon delivery and will report any deviation from the above requirements to the SQAM and 

Subcontractor for resolution prior to installation of the geomembrane. 

e!!! 43x4 Timxpurfaiun andHmdlhg 

Upon delivery at the site, the QCSM will conduct a visual inspection of the rolls for defects and 
D 

for damage. This examination will be conducted without unrolling the rolls unless visible 

defects or damages are found. The QCsM will indicate to the SQAM and geosynthetics 

subcontractor: 

Any rolls that should be unrolled to allow for their inspection and/or sampling; 

0 Any rolls, or portions thereof, that should be rejected and removed from the site because 
they have severe flaws; and 

Any rolls that include minor repairable flaws. 

4315 Jkwage 

The SQAM will verify and document that storage of the geomembrane is in accordance with the 

Specifications. 
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The following procedure will apply whenever a sample fails a conformance test that is conducted 

by the independent QC laboratory: 

0 The Subcontractor will be required to replace the roll (or rolls) of geomembrane not in 
conformance with the Specifications with a roll (or rolls) that meets the Specifications. 

0 

\ 
The SQAM will ensufe that conformance samples are removed for testing by the 
independent laboratory from the closest numerical roll on each side of the failed roll. 
These two samples must pass the above conformance tests. If either of these samples 
fails, samples will be collected from the five numerically closest untested rolls on each 
side of the failed sample and tested by the independent laboratory. These 10 samples and 
samples from every roll subsequently delivered from the same manufacturer must be 
conformance-tested by the independent laboratory. The costs of all such additional tests 
are to be borne by the Subcontractor. 

QNQC personnel will document actions taken in conjunction with conformance test failures and 

report all actions to the SQAM and Subcontractor. 

43.2 Geomembrane Installation 

4.3.2.1.1 Layout Drawing 

The gcosynthetics subcontractor will be required to produce layout drawings that show the 

geomembrane panel configuration, dimensions, details, and seam locations. The CQAE and the 

CTR will review the layout drawings. The CQAE will provide any comments on the layout 

drawings to the CI'R. The layout drawings must be approved by the CQAE and CTR prior to the 

installation of the geomembrane. The layout drawings, as modified andor approved by the 

CQAE and CTR, will be part of the specifications, and a copy will be furnished to the QCSM. 

The QCSM will become familiar with the layout drawings. 

4.3.2.1.2 Field Panel Identification 

A field panel is the unit area of geomembrane that is to be seamed in the field, i.e., a field panel 

is a roll or a portion of a roll cut in the field. 

The QCSM will verify that each field panel is given an identification code (number or letter- 

number) consistent with the layout plan. This identification code will be agreed upon by the 
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CQAE and the geosynthetics subcontractor. This field panel identification code should be as 
B 

simple and logical as possible. (Note: Manufacturing plant roll numbers are usually 

cumbersome and are not related to location in the field.) It will be the responsibility of the 

Subcontractor to ensure that each field panel placed is marked with the manufacturing plant roll 

number. The roll number will be marked in the center of the panel in a color to allow for easy 

inspection. 

The QCSM will develop a table or chart showing the correspondence between manufacturing 

plant roll numbers and field panel identification codes. The field panel identification code will 

be used for all QNQC records. 

4.3.2.1.3 Field Panel Placement 

The QCSM will verify and document that field panels are installed at the locations and positions 

indicated in the Subcontractor's layout plan, as approved or modified by the CQAE. 

The QCSM will verify and document that the condition of the underlying layer has not changed 

detrimentally during installation. Any damage to the surface of the underlying layer will be 

repaired by the geosynthetics subcontractor in accordance with the Specifications. 

D 

The QCSM will record the identification code, location, and date of installation of each field 

panel. The QCSM will verify and document that geomembrane is not placed during inclement 

weather conditions, as indicated in the Specifications. Additionally, the QCsM will verify and 

document that the underlying layer has not been damaged by weather conditions. The QCSM 
will visually observe each panel after placement and prior to seaming for damage (e.g., holes, 

blisters, creases). The QCSM will advise the geosynthetics subcontractor which panels, or 

portions of panels, should be rejected, repaired, or accepted. Damaged panels or portions of 

damaged panels that have been rejected by the QCSM will be marked, and their removal from 

the work area will be documented by the QCSM. 
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4132.2 FzkZdSeamzng 

4.3.2.2.1 Seam Layout 

The QCSM will verify and document that the seam layout shown on the Panel Layout Drawing 

is consistent with the Specifications. No panels may be seamed in the field without the QCSM's 

approval. A seam numbering system compatible with the panel numbering system will be 

agreed upon by the CTR, the CQAE, the geosynthetics subcontractor, the Subcontractor, abd the 

QCSM. 
- _ .  

4.3.2.2.2 Seaming Equipment and Products 

Seaming shall be by thermal fusion methods. Extrusion welding shall only be used for patching 

and seaming around appurtenances and repairs of identified defects and areas of destructive seam 

testing. Only seaming apparatus that the CQAE has specifically approved by make and model 

will be used. The geosynthetics subcontractor will be required to use a pyrometer to ensure that 

accurate temperatures of the extrudate and seamer nozzle are being achieved. 

The QCSM will log ambient temperatures, seaming apparatus temperatures, and extrudate 

temperatures or fusion-seaming apparatus speeds. Ambient temperatures will be measured as 

specified in the Specifications. 

4.3.2.2.3 Seam Preparation 

The QCSM will verify and document that: 

0 Prior to seaming, the seam area is clean and free of moisture, dust, dirt, debris, and 
foreign material. 

0 Preparation of seams is in accordance with the Specifications. 
- 



Final Design Submittal 
Construction QMQC Plan 

Present L a n d m  Cover Construction 
Rocky Flats Environmental Technology Site,. Golden. Colorado 

4.3.2.2.4 Weather Conditions for Seaming 
B 

The QCSM will verify and document that weather conditions for seaming are within the limits 

required in the Specifications. 
_ _ _  ~ 

. 4.3.2.2.5 T M l  Seams 

The geosynthetics subcontractor will be required to make trial seams on fragment pieces of 

geomembrane liner to veri@ that seaming conditions are adequate. The geosynthetics 

subcontractor will be required to make and test trial seams at the frequency and in accordance 

with the methods specified in the Specifications. 

I 

The QCSM and SQAM will observe all trial seam procedures. The successful trial seam sample 

will be assigned a number and marked accordingly by the QCSM, who will log the date, hour, 

ambient temperature, number of the seaming unit, name of the seamer, and pass or fail 

description. The sample itself will be retained only until the construction of the liner is complete 

I 

B and the liner has been accepted by the CQAE. ir 

4.3.2.2.6 Nondestructive Seam Continuity Testing 

Except as otherwise noted in the Specifications, the Subcontractor will nondestructively test all 

field seams over their full length in accordance with the Specifications and Table 4.1. The 

purpose of nondestructive tests is to check the continuity of seams. Continuity testing will be 

carried out as the seaming work progresses, not at the completion of all field seaming. 

Nondestructive testing will not be permitted before sunrise or after sunset unless the 

geosynthetics subcontractor demonstrates to QNQC personnel that they have the capabilities to 

perfom continuity testing under reduced light conditions (reduced light conditions are discussed 

in the Health and Safety Plan). The QCSM and SQAM will observe and document the 

continuity testing. The geosynthetics subcontractor will be required to complete any required 
__ __ 

repairs in accordance with the Specifications. The QCSM and SQAM will observe and 

document the repair and retesting of the repair. 

D 
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The SQAM will observe nondestructive seam continuity testing and perform the following: 

record location, date, test unit number, name of tester, and outcome of all testing; indicate that 

repairs of failed seams have been made by marking on the geomembrane; and document the 

results of the testing. 

If the weld is accessible to testing equipment prior to final installation, the weld will be 

nondestructively tested prior to final installation. If a weld is not accessible to test, a cab strip 

will be placed over the weld. The cap strip, or LLDPE strip, will be placed over the weld and 

extrusion welded to the LLDPE. This is a precautionary measure since the weld could not 

undergo nondestructive testing. Welding and cap-stripping operations must be observed by the 

SQAM and the geomembrane installer for uniformity and completeness. The location, date of 

visual observation, name of tester, and outcome of the test or observation, indication that repairs 

_ -  - _  

of failed seams have been made by marking on the geomembrane, and document results will be 

recorded by the QCSM and reported to CTR and the CQAE. 

4.3.2.2.7 Destructive Seam Testing 

Destructive seam tests will be performed at selected locations in accordance with Table 4.1. The 

purpose of these tests is to evaluate seam strength and integrity. Seam strength testing will be 

done as the seaming work progresses, not at the completion of all field sampling. 

The QCSM will select locations where seam samples will be cut out for laboratory testing. The 

SQAM may also select the sample locations. The geosynthetics subcontractor will not be 

informed in advance of the location of sites where seam samples will be taken. The test 

frequency and locations will be established as follows: 

0 Samples will be collected at the minimum frequency given in the Specifications. 

0 Test locations will be selected during seaming at the QCSMs discretion. Selection of 
such locations may be prompted by suspicion of excess crystallinity, contamination, 
offset seams, or any potential cause of imperfect seaming. 

The geosynthetics subcontractor will be required to cut samples as directed by the QCSM as the 

seaming progresses. The QCSM will: 
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0 Observe sample cutting, 
B 

0 Assign a number to each sample and mark it accordingly, 

0 
. Record the sample number and location on the  panel layout drawing, and 

7 Record the reason for taking the sample at this location (e-g., routine testing, suspicious 
feature of the geomembrane). 

11 holes in the geomembrane resulting from destructive seam sampling will be covered by the 

Sbbcontractor immediately after sampling and repaired in accordance with the repair procedures 
pt 

. 

described in the Specifications. The continuity of the new seams in therepaired area will be 

nondestructive1 y tested according to the Specifications. 

At each specified sampling location, the destructive samples will be tested in accordance with 

the Specifications.' 

The procedures described within the Specifications will be followed whenever a sample fails a 

destructive test. The QCSM will verify and document that one of the procedures specified 

within the Specifications has been followed. The QCSM will document all actions taken in 

conjunction with destructive test failures. 

B 

432.3 Defectx andRepais 

4.3.2.3.1 Identification 

All seams and non-seam areas of the geomembrane will be inspected by the QCSM for evidence 

of defects, holes, blisters, undispersed raw materials, and any sign of contamination by foreign 

matter by walking the panels. Because light reflected by the geomembrane helps to detect 

defects, the surface of the geomembrane will be clean at the time of examination. The 

-geomembrane surface will be broomed or washed by the geosynthetics subcontractor if the 

amount of dust or mud inhibits examination. Any areas requiring repair will be marked by the 
-_ 

QCSM for easy identification by the repair crew. After the area is repaired it will be tested in 

accordance with Section 4.3.2.3.5. 
. .. 8 - 1  . .  
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4-3.2.3.2 Evaluation 

Each suspect location, both in seam and non-seam areas, will be either nondestructively tested 

using the methods described in the Specifications or repaired as appropriate, as required by the 

QCSM. Each location that fails the nondestructive testing will be marked by the QCSM and will 

be required to be repaired by the geosynthetics subcontractor. Materials should not be placed 

over geomembrane locations that have been repaired until the QCSM and SQAM have approved 

the repair. I 

- -  _ _  4.3.2.3.3 Large Wrinkles . -  

When seaming of the geomembrane is completed (or when seaming of a large area of the 

geomembrane is completed) and before the overlying materials are placed, the QCSM will 

visually inspect the geomembrane for wrinkles. The wrinkle height to width ratio for installed 

FML shall not exceed 0.5 or the total wrinkle height shall not exceed 6-inches. ‘Wrjnkles that do ‘ai not meet the above criteria shall be cut and repaired in accordance with the Specifications. The 

QCSM will indicate to the geosynthetics subcontractor which wrinkles, if any, should be cut and 

reseamed in accordance with the Specifications. The seam thu’s produced will be tested like any 

i 

other seam. 

4.3.2.3.4 Rep& Procedures 
_ _  - _ _  

Any portion of the geomembrane exhibiting a flaw or failing a destructive or nondestructive test 

will be repaired by the geosynthetics subcontractor in accordance with the applicable method 

described in the Specifications. * 

4.-3.2.3.5 Tesring of Repairs 

Each repair will be nondestructively tested using the methods described in the Specifications as 

appropriate. Repairs that pass the nondestructive test will be considered as adequate. Large 

geomembrane cap repairs may be of sufficient extent to require destructive testing, which will be 

at the discretion of the QCSM. Failed tests will require the repair to be redone and retested until . 
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passing test results are obtained. The QCSM will observe the nondestructive testing of repairs 

and will document the date of the repair and test results. 

D 

4.4 SYNTHETIC GEOCOMPOSITE DRAINAGE NET 

4.4.1 Geocomposite Manufacturing and Delivery 

The Subcontractor: will be required to provide the QCSM with the manufacturing QC certificates 

r each shift's production of geocomposite rolls, which include geocomposite roll numbers and- 

sampling procedures, and descriptions and results of the QC tests required in the 

Specifications signed by a responsible party. employed by the geecomposite manufacturer. 

The QCSM will examhe all geocomposite manufacturer's certifications to verify and document ~ 

that the property values listed on the certifications meet or exceed those specified within the 

Specifications and that proper and complete documentation has been provided by the 

geocomposite manufacturer for all geocomposite used at the site. The QCSM will report any 

deviations from the above requirements to the SQAM and geosynthetics subcontractor prior to 

B installation of the geocomposite. The CQAE and the CI'R will approve these submittals. 7- 

4.43 Labeling 

The SQAM will verify and document that the geocomposite manufacturer has labeled all rolls of 

geocomposite as described in the Specifications. The QCSM will examine the rolls upon 

delivery and report any deviation from the above requirements to the SQAM and geosynthetics 

subconetor  before the geocomposite is installed. 

4.43 Shipment and Storage 

The QCSM will observe h e  rolls of geocomposite upon their deIivery at the site and report any 

deviation from the requirements described within the Specifications to the SQAM and 

geosynthetics subcontractor. Any damaged rolls will be rejected- by the QCSM and will be 

required to be repaired or replaced by the Subcontractor. 
- _  - - 

The rolls shall be stored in an area capable of protecting the material from ultraviolet light 

exposure, moisture, excessive humidity, puncture, cutting, or other damaging conditions. Rolls 

may not be left unprotected on the project site unless being placed that day. ' 
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4.4.4 Conformance Testing 

The QCSM will ensure that manufacturer's QC tests comply with the requirements listed in 

Table 4.1 and the Specifications. The CQAE is responsible for conformance samples at 

frequencies listed in Table 4.1. Samples will be taken across the entire width of the roll and will 

not include the first 3 feet. Unless otherwise specified, samples will be 3 feet long (minimum) 

by the roll width. The SQAM will mark the samples with an arrow to indicate the direction of 

t e cut. Samples will be taken at a rate of one per 100,OOO f? or one per lot, whichever results in 

a greater testing frequency. These geocomposite will be tested for bond adhesion (ASTM D 413, 

GRI GC 7, or F904) and transmissivity (ASTM D 4716). The geonet component will be tested 

for thickness (ASTM 5199), density (ASTM D 1505 of ASTM D 792), MD tensile strength 

(ASTM D 5035), and carbon black content (ASTM D 1603 modified or ASTM D 4218). The 

geotextile component of the geocomposite will be tested for mass per unit area (ASTM D 5261), 

puncture strength (ASTM D 4833). and apparent opening size (ASTM D 4751). The CQAE will 

examine all results from laboratory conformance testing and will report any nonconformance to 

the CIX and Subcontractor as soon as the results become available (see Table 4.1). 

\ 

The following procedure will apply whenever a sample fails a conformance test that is conducted 

by the independent QC laboratory: 

0 The Subcontractor will be required to replace the roll (or rolls) of geocomposite not in 
conformance with the Specifications with a roll (or rolls) that meets -the Specifications. 

0 The SQAM will ensure that conformance samples are removed for testing by the 
independent laboratory from the closest numerical roll on each side of the failed roll. 
These two samples must pass the above conformance tests. If either of these samples 
fails, samples will be collected from the five numerically closest untested rolls on either 
side of the failed sample and tested by the independent laboratory. These 10 samples and 
samples from every roll subsequently delivered from the same manufacturer must be 
conformance tested by the independent QC laboratory. The costs of all such additional 
tests are to be borne by the Subcontractor. _ -  

QNQC personnel will document actions taken in conjunction with conformance test failures and 

report all actions to the SQAM and Subcontractor.. * 
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? %  

4.45 Handling and Placement 

The Subcontractor will be required to handle all geocomposite in such a manner as to ensure the 

geocomposite i s  not damaged in any way. The QCSM will verify and document compliance 

with the following: 

0 

e Just prior to geocomposite placement, the geomembrane is clean and free of excessive 
amounts of dust, dirt, stones, rocks, or other obstructions that could potentially damage 
the liner system. 

I 

e The geocomposite is weighted with sandbags (or equivalent weight approved by the 
. .  - 

QCSM). 

The geocomposite is cut using a geocomposite cutter approved by the geotextile 
manufacturer and the QCSM. If cut in place, special care is to be taken to protect other 
materials (such as underlying geosynthetics) from damage that could be caused by cutting 
the geocomposi te. 

The Subcontractor takes any necessary precautions to prevent damage to the underlying 
layers during placement of the geocomposite. 

During placement of the geocomposite. care is taken not to entrap stones, excessive dust, 
or moisture in the geotextile that could damage the underlying layers, clog drains or 
filters, or hamper subsequent seaming. 

I 

e 

0 

i 
The geocomposite is not left exposed for a period more than 30 days after placement 
unless a longer exposure period is approved by the QCSM, the Team, and the CQAE. 

The QCSM will document any noncompliances with the above requirements and report them to 

the SQAM and geosynthetics subcontractor. 

4.4.6 Seams and Overlaps 

1 

The QCSM and CQAE will verify and document that all geocomposite seams are overlapped and 

joined in accordance with the Specifications. 

4.4.7 Repair 

The QCSM will verify and document that any damage to the geocomposite has been repaired in 

accordance with the requirements of the Specifications. The QCSM will document any 
. ,  . - .  . _  . .  

. .  .. .. . .  ' . .  . . .  .. . .... . . i  ...,.. . . I . .  

noncompliarke with the above requirements and report it  to the SQAM and geosynthetics 

subcontractor. .,,/ ' 



Final Design Submittal 
Construction QNQC Plan 

Present Lundfilr Cover Cotutm@n 
Rmky Flats-Environmental Technology Site, Golden, Colorcrdo 

4 5  ROCKBARRTER 

45.1 Material 

The Subcontractor will provide the QCSM with QC test results and a written certification signed 

by a responsible party of the aggregate supplier that the tests required by the Specifications have 

been performed on material representative of that which is to be delivered to the site. The 

QCSM will examine the test results and report any deviations from the Specifications to the 

fQAh4 and Subcontractor. The CQAE and the CTR will approve these submittals. 

The QCSM and Subcontractor _ .  shall . .  inspect the rock barrier material when on-site to ensure that 

no segregation or contamination of the material has occurred. 

45.2 Conformance Testing 

The QCSM will perform conformance testing of the rock. Conformance tests include sieve 

analysis (ASTM C 136 or ASTM D 5519) and unconfined compressive strength (ASTM D 

‘01 2938). Testing will be performed on the rock in a manner such that no damage to any 
L 

geosynthetics occurs. Frequencies for the aggregate conformance testing are given in Table 4.2. 

The SQAM will sample the rock for the same tests at a frequency of 1/20 QC samples. 

4.5.3 Handling and Placement 

Before the aggregate rock barrier is placed, the QCSM will verify and document that: 

The underlying soil cushion layer is clean, free of all foreign substances, not disturbed by 
WIC or other operations, and maintained in a satisfactory condition. I 

I 

All work on underlying materials is complete and accepted by SQAM and Subcontractor. 

During placement of the aggregate rock barrier, the QCSM will verify and document that: 

The aggregate meets the requirements of the Specifications in accordance with the test ~ 

methods and frequencies prescribed in Table 4.2. 

The condition of the underlying layer has not changed detrimentally during installation. 
Any damage to the surface of the underlying layer will be repaired by the Subcontractor 
in accordance with the Specifications. 

The aggregate rock barrier is placed in accordance with the Specifications. 
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4.6 SOILS 

4.6.1 Material 

The QCSM will conduct conformance tests on cover soils in accordance with Table 4.2. The 

QCSM will examine the test results and report any deviations to the SQAM and Subcontractor. 

The CQAE and the C"R will approve these submittals. 

The QCSM and Subcontractor shall inspect the material for the &inch and 10-inch cushion 

layers when on-site to ensure that no contamination of the material has occurred. 

4.6.2 Handling and Placement 

Before either the 6-inch GCL cushion layer, the 10-inch rock cushion layer, or the 24-inch final 

cover soils are placed, the QCSM will verify and document that: 

0 The underlying surface is clean, free of all foreign substances, not disturbed by traffic or 
other operations, and is maintained in a satisfactory condition. 

0 All work on underlying materials is complete and accepted by the SQAM. 3 
During placement of the soils, the QCSM will verify and document that: 

0 The 6-inch and 10-inch cushion layers and the 24-inch final cover soils meet the 
requirements of the Specifications in accordance with the test methods and frequencies 
prescribed in this Construction QNQC Plan (Table 4.2). 

0 The condition of the underlying layer has not changed detrimentally during installation. 
Any damage to the surface of the underlying layer will be repaired by the Subcontractor 
in accordance with the Specifications. 

0 The 6-inch and 10-inch cushion layers and the 24-inch final cover soils are placed in 
accordance with the Specifications. 

4.63 Verification of Thickness 

The QCSM will verify that the design thicknesses of the 6-inch GCL cushion layer, and the 10- 

inch rock cushion layer, and the 24-inch infiltration soil layer are within the tolerances required 

by Specifications. This will be performed by completing a record survey of the top of the layers. 

The surveys shall be conducted by a PIS registered in the State of Colorado. At a minimum, 

thickness verifications will be obtained at the applicable control point locations shown on 
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Drawing 51781-006. The QCSM will also verify that the finished soil surface at the time of the 

thickness measurements is free of excessive disturbances (rutting, footprints, etc.), 

4.7 SEEP PASSIVE TREATMENT SYSTEM 
4.7.1 Manufacturing and Delivery 

The manufacturer will be required to conform with all submittal requirements of the 

pecifications. The Subcontractor and QCSM will be required to inspect all sections of the Seep 

Paksive Treatment System when it arrives on-site. It shall be inspected for general appearance, 

dimensions, and soundness. The surface shall be dense, close textured, and free of blisters, 

cracks, roughness, and exposure of reinforcement. 

s 

4.7.2 Materials and Design 

The Seep Passive Treatment System shall meet all the construction and performance 

requirements of the Drawings and Specifications. 

In general, the QCSM will visually observe and document the installation of the Seep Passive 

Treatment System to ensure the following: 

8 

8 

0 

8 

8 

8 

L- e 

The Seep Passive Treatment System is installed at the proper location and elevation as 
shown on the Drawings. 

The Subcontractor takes any necessary precautions to prevent damage to the Seep Passive 
Treatment System during installation. 

The subgrade for the Seep Passive Treatment System is prepared in accordance with the 
Specifications. 

The condition of the subgrade has not changed detrimentally during installation. Any 
damage to the surface of the subgrade will be repaired by .the Subcontractor in 
accordance with the Specifications. 

Field testing is performed in accordance with the Specifications. 

Backfilling is performed in accordance with the Specifications, and QNQC is performed 
in accordance with Section 4.1. 
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4.8 PIPE AND FITTINGS 
D 

4.8.1 Manufacturing 

Before the polyvinyl chloride (PVC) and high density polyethylene (HDPE) pipe and fittings are 

incorporated into the work, the Subcontractor will be required to provide the QCSM with the 

product data required by the Specifications. The QCSM will verify and document that the 

property values given in the submittals meet the requirements of the Specifications. The &SM 
will report any deviations from the above requirements to the SQAM and the Subcontractor. 

4.8.2 Labeling 

- - 

The QCSM will verify that the pipe is labeled with the information specified in the 

Specifications. Any deviations from the labeling requirements will be reported to the QCSM and 

the Subcontractor prior to pipe installation. 

4.83 Shipment and Storage 

The QCSM will verify and document that the pipe and fittings are stored in accordance with the 

Specifications. The QCSM will visually inspect the pipe upon delivery at the site and report any D 
deviations from the requirements of the Specifications to the SQAM and the Subcontractor. 

4.8.4 Pipe Perforations 

The QCSM will verify and document that pipe perforations are in accordance with the Drawings. 

Deviations from the specified requirements will be reported to the SQAM and the Subcontractor. 

4.85 Pipe Installation 

4831 H'dfEzgandLayout 

The QCSM will verify and document that the pipe is installed at the specified locations and 

grades and that placement of backfill around and over the pipe is conducted in accordance with 

the requirements of the Specifications and in a manner intended to prevent _-_ -_ damage - to the pipe. 

The QCSM will also verify that the pipe is installed with the perforations oriented as shown in 

the Drawings. The pipe fittings will be carefully examined before installation by the QCSM. 

The QCSM'will verify and document that cracks, damage, and defects are not present in the pipe 

and fittings in excess of those allowed in the Specifications. The QCSM will also note the B 
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condition of the interior of pipes and fittings. Foreign material shall be removed from the pipe 

interior before the pipe is moved into final position. NO pipe will be permitted to be placed until 

the QCSM has observed the condition-of the pipe. The QCSM will document any deviation 

from t h e  above requirements and report it to the SQAM and the Subcontractor. 

46IJ.2 fuh/ and Connecfiunx 

ngths of pipe will be required to be assembled into suitable installation lengths by the process 

described in the Specifications. The QCSM will monitor all procedures used to make joints and 
Y 

. 

connections to ensure that the Subcontractor follows the appropriate procedures described in the ._ 

Specifications. The QCSM will document any noncompliance with the above requirements and 

report it to the SQAM and the Subcontractor. 

4.9 BARBED WIRE FENCING AND GATES 

4.9.1 Manufacturing 

Before the barbed wire fencing and gates are incorporated into the work, the Subcontractor will 

be required to provide the QCSM with the product data required by the Specifications. The 

QCSM will verify and document that the data given in the submittals meet the requirements of 

the Specifications. The QCSM will report any deviations from the above requirements to the 

SQAM and Subcontractor. 

4.9.2 Installation 

In general, the QCSM will visually observe the installation of the barbed wire fencing and gates 

to ensure the following: 

. .  
0 The Shcontractor takes any necessary precauGons to prevent -damage to the underlying 

composite cover system layers during installation of the fence posts. 

The new barbed wire fence is installed to the lines and grades-indicated . .  on the Drawings. 
. . . .  . . . . . . .  . . . . . . .  . . . . . .  . -  . .  . .  . .  . .  

- 

. . . . . . . . . . . .  . . . . . . . . . . . . . .  . . .  . . .  

0 The new barbed wire fence posts are set plumb and in alignment. 

The new barbed wire fence postholes are cleared of loose material before the posts are 
placed. 
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e The barbed wire is installed and pulled taut to provide a smooth and uniform appearance 
that is free from sag. 

D 

e The new barbed wire fence is installed in accordance with the Specifications and all 
manufacturer’s installation guidelines. 

4.10 SURFACE WATER CONTROL MATERIAL 

410.1 Supplier 

$urface water control materials include riprap, geotextile, and erosion matting. For riprap, the 

Subcontractor will provide the QCSM with QC test results and a written certification signed by a 

responsible party of the riprap supplier that the tests required by the Specifications have been 

performed on material representative of that which is to be delivered to the site. The QCSM will 

examine the test results and report any deviations from the Specifications to the SQAM and 

Subcontractor. The QCSM will sample for sieve analysis (ASIU 0136 or ASTM D 5514) in 

accordance with Table 4.2. Geotextile and erosion matting tests will be conducted in accordance 
. .  D with Table 4.1. 

4.10.2 Placement 

Before the riprap is placed, the QCSM will verify and document that: 

0 The underlying subgrade is smooth and free of soft areas and voids and meets the grading 
requirements of the Specifications and Drawings. 

e All work on underlying materials is complete and accepted by the SQAM and 
Subcontractor. 

During placement of the riprap, the QCSM will verify and document that: 

e The riprap meets the requirements of the Specifications in accordance with the test 
methods and frequencies prescribed in this Construction QNQC Plan. 

The condition of the underlying layer has not changed detrimentally during installation. 0 

e Any damage to the surface of the underlying layer will be repaired by the Subcontractor 
in accordance with the Specifications. 

The riprap is placed in accordance with the Specifications. B *  
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a 

4.11 SEEDING 

Geotextile erosion matting will be placed in accordance with the Specifications. 

QNQC personnel will ensure that seeding is completed in accordance with Specification Section . 

02900. This includes both temporary and/or permanent vegetation. 

4.12 RECORD SURVEY 

At a minimum, the Subcontractor will be required to submit Record Surveys conducteh by a 

professional land surveyor registered in the State of Colorado of the following components: 

: 

Top of Regrade; 
Top of Subgrade (includes &inch cushion layer); 
Gas Management System (trench alignments); 
Geosynthetics Panel Layout; 
Anchor Trench Alignment; . 
Top of 10-inch Cushion Layer, 
Top of Rock Layer; 
Top of Final Surface; 
Perimeter Drainage Channel (before riprap installation); 
Diversion Berm Toe of Slope; 
Seep Treatment System Layout; and, 
Final Project Completion Site Topographic Map. 

Except for the geomembrane record drawing, the survey locations will match the applicable 

horizontal control point locations shown on Drawing 51781-006. Required vertical elevations 

will be obtained by taking the top of subgrade elevations given on Drawing 51781-006 and 

adding the design thicknesses as appropriate. As part of these record surveys, the outside edge of 

the component being surveyed will be surveyed at the approximate locations shown on Drawing 

C-5. The QCSM and the CQAE will review the record surveys to confirm that the existing 

grades and thicknesses meet the design grades and thicknesses and are within the tolerances in 

the Specifications. 

The geomembrane record drawing will include the location of all panels, seams, all repair 

locations, panel identification information, dates of panel installations, penetrations, and test 

-’ locations. The survey locations will define the limits of the geomembrane and key seam 
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intersections identified by the QCSM and CQAE. These survey locations and field 

measurements obtained during the installation will be used to prepare the record drawing. 

At a minimum, the gas venting and gas condensate collection systems will be surveyed at the 

ends of each trend of strip drain or pipe, at approximately 50-foot intervals along each pipe trend 

to ensure a minimum 1 percent slope, and at each vent location. The QCSM will review the 

rpults of this survey to verify that the piping is installed at the correct grades and locations in 

aLordance with the Drawings and Specifications. 

The QCSM will submit the record drawings to the CQAE and CTR for final review and approval 

before proceeding with construction of any subsequent cover system components. 
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5.0 CONSTRUCTION QUALITY ASSURANCE 

The CQAE will oversee and audit the QC testing equipment, procedures, and results throughout 

the project to ensure- that proper QC testing equipment and methods are used and that accurate 

QC test results are obtained. The minimum QC testing frequencies are presented in Tables 4.1 

and 4.2. The CQAE will verify a minimum 5 percent of the field QC test results by performing 

QA tests on the Same materials. If both a QA and a QC test result on a given material meet the 

specification requirements, no further action is required. If one organization's test pass& and 

another's fails, the QC test result will be the official test result. However, the CQAE will have 

the authority, based on hisher judgment, to overrule any QC test result and may require 

additional tests, repairs, or reworking of a given aredmaterial based solely on the CQAE's test 

. 

results and/or observations. 

The CQAE or hisher representative will contract with an independent CQA laboratory(s) to 

perform the conformance testing described in Section 4.0. The CQAE will review all 

conformance test results for compliance with the Specifications. All non-confonning test results 

will be reported to the QCSM, Earth Tech, and the Subcontractor. The SQAM will perform 

continuous QA oversight during construction operations and report to the CQAE. 

In addition to the QA activities described above and elsewhere in this QNQC Plan, the CQAE 
will perform the following tasks: 

e Through the SQAM, observe all construction activities to ensure that the QCSM is 
fulfilling the observation, testing, and documentation requirements identified in Section 
4.0; 

e Observe all construction activities to ensure that the Subcontractor is utilizing the 
construction materials and procedures required by the EPNCDPHE-approved Project 
Plans, Specifications, and Drawings; 

a Review all submittals for conformance with the EPNCDPHE-approved Project Plans, 
Specifications, and Drawings; 

0 Review the Daily Quality Assurance Report prepared by the SQAM; 

Inspect the subgrade for unsuitable areas and observe proof-rolling operation; ',* 
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e Review the gas condensate collection system for conformance with the approved plans 
and specifications; 

B 

e - Review all conformance test results for conformance with the EPNCDPHE-approved 
Project Plans, Specifications, and Drawings; 

Review all Record Drawings, including gas vent piping and strip drains, for conformance 
with the EPNCDPHE-approved Projkct Plans, Specifications, and Drawings; 

e 

Participate in delineating failing or otherwise unacceptable areas; 

Participate in problem or conflict identification, resolution, and documentation; 
‘i 
e 

e 

e 

0 

Participate in identifying sample locations for conformance or destructive testing; 

Participate in all construction meetings identified in this Construction QNQC Plan; and 

Prepare, sign, and seal the Construction Completion Report, as described in Section 6.0. 

B 

. . . . . . . . . .. . .-.. .. . . .  . 

. . .  
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6.0 DOCUMENTATION AND SUBMlTTALS 

Subcontractors will be responsible for their own reporting, including documentation of 

personnel, hours worked, all activities and progress, equipment on-site, health and safety issues, 

and any problems or issues encountered. Each Subcontractor will prepare a Daily Subcontractor 

Report and submit it to the QCSM. Daily Subcontractor Reports will be appended to the Daily 

QC Report filled out by the QCSM. This report will be submitted to the SQAM by the following 

morning. Following receipt of the Daily QC Report, the SQAM will prepare a Daily QA Report 

that summarizes all Subcontractor QC and QA activities and CQA organization activities. The 

SQAM will transmit the Daily QA Report to the CQAE and the CTR. Typical types of formal 

submittals include test data, drawings, instructions, schedules, statements, reports, and 

certificates. All required submittals must be provided in time to allow for the review, approval, 

procurements, delivery, and QC preparatory phase of all items before they are needed for 

construction. As described in Specification Section 1305, Eng. Form 12884ubmitta.l Register 

will be used for submittal control and scheduling. Eng. Form 4025-Transmittal of Shop a Drawings, Equipment Data, Material Samples, or Manufacturer’s Certificates of Compliance 

will be used for transmitting submittals. 

A Certification Report will be prepared and submitted to the EPA, the CDPHE and the DOE 

following construction of the PLF Cover. 

minimum, include the following elements: 

The Construction Completion Report will, at a 

e A detailed chronology of the construction of the PLF Cover and gas and gas condensate 
collection systems; 

0 

0 

A detailed chronology of the construction of the PLF Cover subgrade; 

A detailed chronology of the construction of the surface water and access control 
structures, including the drainage berms, storm-water treatment system, and security 
fence; 

0 A description of and rationale for any modifications to the Work Plan Drawings and 
Specifications; 

A discussion of problems encountered and how they were addressed; 
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0 

0 

Copies of all QNQC field and laboratory soil and geosynthetic test results; 

Locations of. dl field test and -samples through global positioning system surveying and 

Quantities of all material used,for the.P@ cover system; 

D 

. shown on appropriate drawings; - 

a 

0 Copies of key inspection, testing, and other documents, included as appendices; 

0 As-built drawings and photographs; and 
I 

a A summary statement, signed and sealed by the CQAE, that the project was completed in 
accordance with the bPHE-approved Plans, Drawings, and Specifications. 

B -  
. .  

j 
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7.0 GOVERNMENT PROPERTY INVENTORY 

The Subcontractor acknowledges and accepts the responsibility and accountability for all 

government property in the possession or control of the Subcontractor. The Project Accountant 

is responsible for keeping an inventory of all government property used during the project. 

Accountable property includes property that costs more than $25.00 and is not expendable. 

Accountable property will be labeled and inventoried monthly. Government-owned property 

ay include ofice equipment, health and safety property, and field operations property. A final 

&entory of government property will be compiled at the completion of the project and 

submitted to the CTR. 

? 
. 
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GCOSYNTHETIC QAIQC S U M  M A R Y  
PRESENT L A N D F I L L  DESIGN, RFLTS, GOLDEN, C O L O R A D O  - 

Quality 
Control Item 

. .  
1 
Speclflcatlon 

Section 

REVISION I 

QA/QC I t e m  Method 

, .  

Q A  Actloit Requiremcnts I Q C  Action 

Submit prior to use. Review 
Certification that tniniinuiii values 

required are guaranteed by Mnnufacturer 
Su bin i ttal 

Submittal Quality Control Certification 

Submittal Verification that geolextilc has hcen 
. , inspected for hroken iiredles. : . 

Label ReviewlDelivery Visual Inspection 

Review snd Approve 

Reviuw and Approve 

Rcview siiil, Approve 

I 
Submit prior to use. Review 

Suhmit prior to use. ileview 

Inspect for Manufacturer's name. roll 
identification, roll length. roll width. 

roll nuinher. and lot number. 

GCL shall be stored in an area 
CaDahk o f  Drolectinr! Ihe material 

Iiispect upon delivery Inspect upoii delivcry 

Visual InsDrction from ultraviolet light exposure. 
excessive huinidity, puncture. 

cutting. or other damaging 

I S  Ibs 

Inspect aRer stored Storage liispcct a t k r  stored 

TCS~ ilt 11100.000 tl' 
(I per lot i f  more frequelit) 

C'onduci 2 tesis 

're&\ ;at I /  I oo.000 I? 
( I  per lot i f inore frcqueiii) 

T e s ~  iat 1/100.000 tI' 
(I per lot i f i i i o re  liecluetit) 

A s  iiueded 

Peel Strength ' ASTM D 4632 

Internal Shear Strength ASTM D 6243 

Penneability 

Index Flux at 1-1 .O 

ASTM D SO04 or ASTM D 5887 

ASTM D 5887 

Failed Conformance Test N A  

Review Manufacturer's QC tests 
(3 total tests ) 

500 Ib/A' 

Rcview Manufacturer's QC test 
(I per week) 

s x I 0"' cin/sec G C L  
Composite 02226  

closest nuinericnl roll on each side 
i n u s  be retested. 

Prior to placement, docuinent thnl 
the subgrade is approved hy the 

Subcontractor and free ofstanding 
water (less than 100% snturated). 

:xcessive mounts  ofclumps. stones. Continuous 

rocks. or other ohslructions.ihnt 
:ould daiiinge GCL. Surfnce iiiusi he 

certified by Installer. 

As needed 

. 

Installation Documentation Visual Inspection Ovcrsiyht o f  QC 

Installation Docuinentntion Visual Inspection 

Installation Documentation Visual Inspection 

Visual Inspection Installat Ion Docuinentntion 

Installation Documentation Visual Inspection 

C:ontinuous Oversight o f  QC: 

Ovcrsiylit of'O<' 

Oversight o1'QC' 
~ ~ ~ _ _  

Oversight of QC: 
Methods and equipnient have not ' 

darnaged adjacent GCL or subgrade. Continuous 

Deceniher 2004 
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Qusl l ty 

GCL- 
Composite 

Coni. 

GCL - 
Bentonite 

3lack LLDPE 

- 
CQAP 

4.2 

4.2 

4.3 

Installation Documentation Visual Inspection Oversight oTQ(' 

02226 

02226 

deployed. 
' . 

Installation Documentation Virual Inspection 

I I 

I Installation Documentation I 
~~ 

Visual Inspection nny  repa -r armrdlnr, 

deployed in a timely manner. 
The CCL i s  seamed in accordance 

with Specifications. 
Any repairs are conducted in 

accordance with Specifications. 

Installation Documentation Visual Inspection Continuous Oversiylit o f  Qc' 

Visual Inspection Continuous Oversight of QC Installation Documentation 

Review and Approvc 

Tesl 81 11100.000 fi' 
( I  per lot i f  iiiore frcquent) 

( I  per lot i f i i iore frequent) 

Identification o f  hentonite used for 
production o f  GCL. Review 

Review Manufocturer's QC test 

(I per 40.000 It') 
Review Mnnufaciurer's QC tesi 

' ( I  per 100.000 Ihs) 

Submittal Subinii prior to use. 

Mass per Unit Area ASTM D 5113 0.75 Ihlfl' 

Tesl Ill 11100.000 I? 12% (inaxiiiium) Moisture Content ASTM D 22 I 6  or ASTM D 4643 

Review Manufacturer's QC twi 

( I  per 100.000 111s) 
Test ;II I / l 0 ~ , 0 0 0  I\' 

(I per lot if more Itequciit) 
Manufacturer Submittal Resin Certification Subinit prior to use. Review Rcview and Approve 

Manufacturer Submittal polyner and no inare than 10% rework Subinit prior to use. Review Review and Approve 

Swell Index ASTM D SUO0 24 inlJ2g 

Stateinen1 certifying that no recycled 

added Io resin and that i t  meets project 
requirements. 

Copy o f  Manufacturer's Qunlity Control 
Plnn. 

Installation layout drawings showing 

diineiisions. details, aiid seam locations. 

Manufacturer Submittal Suhmit prior to use. Review Review iind Approve 

Installer Submittal geoinemhrane panel confiyuration. Submit prior to use. Review ' Review and Approve 

Installer Supmittal Field Installation Quality Control Plan. Subinit prior to use. .Review Review nnd Approvu ~ . .  02225 

Review niid Approve 

lleview Review und Approvc Installer Submittal 

Installer Submittal List o f  proposed equipment.' Sutimit.prior to use. Review Review ~ n d  Approve 

Review and Approve Installer Submittal placement and locations o f  destructive Submit prior to use. Review 

Schedule nnd anticipated avernge dnily 
production rate. 

Copy o f  license or letter of approval froin 
Manufacturer. 

As-huilt drawings showing actual 

seam tests. 
Certification that the geomeinhrane has 

coniract documents. 
Mnterinl and lnmllf lt ion warrmlies. 

. . Installer Submittal Subinit prior to use. Review 

Suhinit prior to use. 

Installer Submittal been installed in accordance with the Suhinit prior to use. Review Review kind Approve 

Subinit rior to use. Review Revicw and Approve -- ' . Installer Submittal . .- p - 

Page 2 ol'8 
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Qusl l ty 

)lack LLDPE' 
Cont. 

Black LLDPE 
Installation 

- 
CQAP 
Section - 

4.3 

4.3 

TABCC 4.1 

GEOSY N T H  ETlC Q AIQC SUMMARY 
PRESENT L A N D F I L L  DESIGN, RFETS, GOLDEN, COLORADO 

Thickness I .  

0222s Density 

Break Strength 

Break Elongation 

Puncture Resistance 

Tear Resistance 

Carbon Black Content 

I Carbon Black Dispersion 

I 1 Failed Conformance Test 

02225 Penetrations 

.-- ' 

Inspect for defects nnd dainagr 
withoui unrolling the rolls unless 

visible defects or damages are found. 

identification, roll lengtl i 'roll width, 
roll number, thickness. m d  lot 

number. 

Protect from puncture. nbrnsion. and 
excessive dirt and inoisture. A n n  

. .  

Visual Inspection Inspect for Manufacturer's name, roll Inspect upon delivery Inspeci upon,delivery . 

Inspect a l k r  stored I should be level (no wooden pallets). 
Visual Inspection lnspeci after stored smooth. dry. orotected from ~. . 

IhnlVvandalsiin. and nd,iacent to area 
being lined. 

60 inils (minimuin avernge) 5 4  inils ACTM n qioo Review Manufacturer's QC test Test ;it 1/100.000 li' 

Review Manufacturer's QC test 
(I per 45.000 Ibs) 

Test at 1/100.000 fl' 
(I pcr lot iI'inore li'cqueiit) 

33  Ibs (minimum) ASTM D 1004. Die C 

Review Manufacturer's QC test -rest nt I/IOO.OOO 11' 2% ( I  per 20.000 Ihs) (I per lot if inore frequent) 
ASTM D 1603 

9 o f  IO Category I or 2 (no inore 
than I Category 3) 

Specification 02225- I .OO 
Subcontractor must replace roll and 
closest numerical roll on cach side As needed As iiccdcd 

must be retested. 

l lcview MimuTacturer's QC: test 
(I per 45.000 Ihs) 

Review prior to installation 

rest ai  I/IOO.OOO t? 
( I  pcr. lo1 i f  inore frequent) 

Manufacturer's Data Specification 02225-1.09 Review prior to installation l leview prior to Instellation 
Review prior to liisiallniion Manufacturer's Data 

NA 

' 
ASTM B SSO6 

.. . 

Review prior to installation Specification 02225.1 -09 Review prior to installntion 
Manufacturer QCSM 

QC Laboratory (excluding QCSM qualifications) 
Ensure that penetrations comply with I 
Design and MQC! Manual and verify 

wrapped and securely fastened io 
Manufacturer's QC Manual that pipe penetrations are collar Continuous Continuous 
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Quality 
Control  Item 

Black LLDPE 
Installation 

Cont. 

CQAP 
Sectlon - 

4 . 3  

Speclfica tlon 
Sectlon - 

02225 

- 

I'ass in accordance with 

Pass in accordance with 

Fusion: 90 Ih/in (shenr strenuth) 

Oversiglit of'nll tests 

Oversight o f  all tests 

Manufacturer's QC Manual 
Every patch 

Manufacturer's QC Manual work progresses 

Patch Testing 

Nondestructive seam continuity testing 

ASTM D 5641 or ASTM D S820 

ASTM D S641 or ASTM D 5820 
Full tenglh ot'seams ns seriining 

... 
Destructive seam testing I ASTM D 6392 I Fusion: 75 Iblin'(pee1 strength) I ' I per S O 0  lineal fcet ot'seani I I QA sample Iper 2 0  QC' samples. 

Extrusion: 72 lblin (peel strength) 
Inspect for faulty or suspect m a s  

prior to covering GCL. A l l  seam and 
non-seam areas inspected l'or 

evidence ofdefects, holes, blisters, 
Visual Inspection undispersed raw materials. and Continuous Installation Inspection Continuous 

foreign matter. Non-destructively 
test each suspect area, repair i f  

necessary. and nondestructively test 
repair. 

Verify that each field panel is given 
an I D  code and develop a chart 
showing correspondence to roll 

Ovcrsiglii-oi. Qc Installation Documentation Visual Inspection Con ti  nuous 

numhers. .. . 
Documenl that panels are instnlled in 

plan. 

Document that,the existing 

have not changed during instnllation. 

Ovcrsiglij  of^^ Continuous Installation Documentation Visual Inspeclion accordance with approved layout 

. .  

Installation Documentation Visual Inspection conditions o f  the underlying lnyer Continuous Overslyiil ol'QC 

Oversight o f Q C  Record ID code, location, and date of' 
each field panel installation. 

Installation Documentation Visual Inspection Continuous 

Continuous Oversight ofQC: , 
inspect each'pnnel nner placement 
and prior to seaming for dninage. 

Document that seams are installed in 

Visual Inspection Installation Documentation 

Seaming Documentation Visual inspeclion accordance with approved loyoul Continuous Oversiglit ol'QC' 
plan. 

Ovsrsi g li t o I' O( : Continuous Seaming Documentation Visual Inspection Develop a seam numbering system. 

Seaming completed using thermal 
[usion methods (extrusion welding Seaming Documentation Visual Inspection 

only for repairs). 
'. . Log ambient tcmperotures. seaming 

Ovcrsighi oft)(: Contiiiuouu - '  .' . .'. 

I Seaming Documentation Continuour I Ovursiyht of QC I 1 apparatus temperatures, and 
Visunl Inspection extrudate temperatures or fusion. 



/- 

GEOSYNTHETIC QAlQC S U M M A R Y  
PRESENT L A N D F I L L  DESIGN, RFETS, GOLDEN, C O L O R A D O  

REVISION I 

Seaininy Documentation Visual Inspection 

_1_1 

Quall ty 
:ontrol Item - 

)lack LLDPE 
Installation 

Cont. 

b 
CQAP 
Sectlon __ 

4.3 

- 
Speelficatlon 

Sectlon 

Oversight o f  QC Continuous 

Specifications. 
Observe all trinl seam procedures 

and assign successful seains a 

Seaining Docuinentntion Continuous Ovcrsight o f  QC' number and log the datc, hour. 
iiiiibient temperature. nuinher o f  

senniing unit, name o f  seainer. nnd 

Visunl IiisDectinn 

Observe nondestructive senin tests I 
and record location. date. test. niiine 
oftester. and outcoine, nnd indicate 
on geoineinbrane the failed seanis. 

Con t iiiuiius Seaining Docurnentation Visual Inspection 

0222s 

Select destructive seain lest locations 

subcontractor. 

For destructive seam test ohserve 
sample cutting. assign a number. 

on the panel layout drawing, and 
record reason for sample. 

without informing the installation Continuous Oversight ofQC' 

record sample number and location Continuous Oversight of QC 

Seaming Documentation Visual Inspection 

Seaming Documentation Visual Inspection 

Ensure the wrinkle height to width I 
Continuous Oversight ol'QC' I I ratio for installed F M L  docs not 

exceed 03 or the total wrinkle height Wrinkle Inspection Visual Inspection 

Submittal Proposed Equipment List 
Submittal Certified Waybills 

' Label Review/Dellvcry Visual Inspection 

does not exceed 6-inches. 

Submit prior to use. 
Submit prior to use. Review ' . Review and Approvr ' 

Inspect for Manufacturer's name, roll 
Inspect upon delivery identification, roll length, roll width, Inspect upon delivery 

roll number. and lot numher. 

Review lleview and Approve 

G D N  . .  I Protect from nhrasion. arid excessive 
dirt and moisture. Area should be 
level (no wooden pallep), sinootli. 

dry. protected from thaAlvandtWin. 
and adiacent to area being lined. 

4.4 

v 

02224 
Iiispcct uller storcd Inspsct i \ l lCI .  SIDl.ell 

..I. 
Storage Visual InsDection 

Keview,,Manufacturer'~ QC lest 
( I  pcr SO;OOO n') 

TCSI at i/iOo.ooo 11' 
(I pur lot i f  inorc Frequent) 

1.0 Ih/in Bond Adhesion (composite) . ASTM D 413. CRI GC 7, or F904 

Transmissivity (composite) ASTM D4716-00 



TA d, 

Installation Documentation 

Installation Documentation 

Installation Documentation 

Installation Documentation 

Installation Docurnentnrion 

. .  

__1___ 

Quality 
:ontrol Item - 

GDN Cont. 

Ovcrsight ot'QC underlies i s  clean and Free o f  
excessive amounts ot'dust. dirt. 

stones. rocks. or other obstructions. 

Geocoinposite is weighted with 
sandbags. 

GDN is  cut by a cutter approved by 
the GDN manufacturer. 

Damage to underlying layers is 
prevented. 

Care is taken to not entrap stones, 
excessive dust, or moisture that could 

drains or filters. or hamper 
subsequent seaming. 

Visual Inspection Continuous 

Ovurright o f  QC' Visual Inspection Continuous 

Visual Inspection Continuous Oversigh t or Q(' 

Ovursight o f  QC: Visual Inspection Continuous 

Visual Inspection damage underlying layers, clog Coiilinuous Ovcrsight of'QC 

_cc 

CQAP 
Section ___ 

4 4  

~ 

Installalion Documenlation 

_c- 

GEOSYNTHETIC QAlQC S U M M A R Y  
PRESENT LANDFILL DESIGN, RPETS, GOLDEN,  COLORADO 

REVISION I 
SDecificatIon I I I 1 I 

Document than seams are overlapped 
Visual Inspection in nccordance with Specificntions. Continuous Oversight o r Q C  

Installation Documentation I I Visual Inspection I GDN i s  not leR exposed for a period 
more than 30 days aflcr placement. 

Continuous I Oversight orQC 

Pnge 6 of 8 



I '  

QAlQC Item 

1 4.10 
Separation 
Geotextiles 

Mctliod RcqulreincntJ 

rosion Matting 
(Pennanent) 1, 

Label Review 

roslon Matting 

Coni. 

Specifications. 
Inspect for Manufacturer's nnine an '  

product idenli ticalion. 
Visual Inspection 

4.10 
.rosion Matting 
(Temporary) 

Inspect upoii delivery 

Gas Venting 
nd Condensate 

Collection 4 . 8  
System 

Pipework 

lnspcci upan tlelivcry 

- 
Specificntion 

Scctlon 

0 2 2 2 4  

0 2 2 2 7  

0 2 2 2 1  

- 

02227 

I I I I I  

GBOSYNTHETIC QAIQC SUMMARY 
PRESENT LANDFILL DESIGN, RFETS, GOLDEN, COLORADO 

REVISION I 
I I 

I reoaired in accordance with lnstnllation Docuinentation I Visual InsDeclion 

Listed in Listed in 
Specification 02245 Specification 02245 

, Suhrnittnl Manufacturer's QC Manual Subinii prior to use. 

Listed in Specification 02245 

Submittal Manufacturer's certification thal erosion 
inat meets project,requirements. 

Subinit prior to use, 

Mass per unit area ASTM D 6566 12.31 odin' 

M D  tensile strength ASTM D 68 I B 625 Ibdfl 

M D  elongation ASTM D 68 I 8  22% 

TD tensile strength ASTM D 68 I 8  768 Ihdn 

TD elongation ASTM D 6818 I 5 %  

Listed in 
Specilicalion 02227 Listed in Specification 02227 Listed in 

Specification 02227 

Listed in 
Specification I I I I I Listed in Specification I I I1 I Llsted in 

SDecification I I I I I 

Conlinuous 

Tcsi at 11100,000 11' 

Review Manul'ncturer's QC lest per 
MQC Manual Test at 111OO.OOo 11' 

Manufwttirer's QC test per MQC 
Mniiual Teal at 1111)o.OOO t? 

Ensure all rolls in compliance with Ensure all rolls ill coiiipliancc 
Specification 02227 will) Specilicntion 02227  

Review 01'Mnnul'atlurw's QC Review o r  Manufacturer's 
QC data. dOl0. 

Page 7 of  8 



-- 
GlIOSY NTH ETIC Q AIQC SUM MARY 

PRESENT LANDFILL DESIGN, RPETS, GOLDEN, COLORADO 

Notes: 
Testing frequencies to be. further developed. 
I I Bentonite masdunif area is based on a geosynthetic clay liner moisture content 01'0 perceni. as 

detennined by ASTM D 22 I6 or ASTM 4643, and i s  exclusive of glues added to the bentonite. 
2. Test methods refer to Ainerichn Society for Testing and Materials (ASTM) and Geosynihetic 

Research Institute (GRI) stantlard test methods. 
3.  AI! frequencies are ininimume. 
% - percent 
cm - centirneler 
ft - feet 
g - grains 
gal - gailons 
GCL = geospthetic clay liner 
in. -inches 
Ibs - pounds 
LLDPE - linear low dknsity polyethylene . 
MD - machine direction 
mL - milliliters , ' 

in - ineter 
min - minute ; 
MQC - manufacturer.'s quality conirol 
oz*-ounces . .. 

.', 

QA - quality assurance 
QC - quality control 
QCSM - Qualily Control S i te  Managcr 
sec - second 
TD - transverse direction 
yd - yard 

Page 8 of 8 



1 :  . 
.I . 

General Ptoject 

Sire Repmllon 

Rgky Rau 
Alluvium 

Cushion' Soils 

- 
CQAP 
Section - 

1.1 

4.0 

4.6 

4.6 

- 

01310.01320 

021 IO 

0222 I 

02221 

EARTHWORK QMQC SUMMARY _-- 
106% DESIGN - PRESENT LANDFTLL DESIGN, RFETS, GOLDEN, C O L O ~ ~ D O  

QNQC Item 

NA NA I Submit Io EPNCDPHE IO days prior to I construction, including alternates. 
QNQC Personnel Requinrnents Submittal 

Construction Photographs 

ASTMD4318 
1 per 20 QC samples 

ASTM D 412 

Placement Documentation 

Overslght of Qc I Dally when device is used I Conduct daily standard counu per I M ~ u f a c ~ r ' ~  representative. 
Field Density Calibration Standard Counts 

Page 1 of 6 

! 

O C ~ O B C ~ :  too4 



T A l 3  ._ .- 

I :  

. .  
, 4  

EARTHWORK QNQC SUMMARY 
100% DESIGN. PRESENT LANDFILL DESIGN, RFETS, GOLDEN, co~oriADo - 

CQAP 
Section - 

4.6 

_c11 

Spedflcstion 
Section QAlQC Item Rqulrements I QC Action QA A d o n  Method 

ASTM D 2922 

ASTM D 698 

ASTM D 4318 

I 
~~ 

Oversight of QC As needed 
Two confirmatory tests adjacent to 

failed test. If either fails, area needs to Palled Density Tut 

Lboratory compacdon 
be reworked. I 

Repon 116.500 cy 

I Consistent with initial borrow am 
sampling as determined by the CQAE 116,500 cy Atterberg limits 

I per 20 Qc aanrplu 
(minimum of 1) 

Sieve analysis (with USCS 
clasalflcatlon) 

~~ 

ASTM D 422 Consistent with Initial borrow m a  
rampllng M detedned  by the CQAE 

For GCL cushion, scarify regraded 
surface, place in 6-inch lifts, remove 

clods greater than 4-inches'in any 
dimension. For rock cushion, place 
with D6LGP in a single uniform lift 

nmvlng clods greater than 4-inches in 
any direction. Ensure fill is moisture- 

mditioned in accordance with Test Pill 

116,500 cy 

Continuous 

Program 

Cushion Solis 
Coni. 0222 I 

Placement Documentation Visual inspection Oversight of QC 

Visual inspection 

Underlying surface Is clean. free of all 
foreign debris, not disturbed by traffic 

or other operations, and maintained in a 
satisfactory condition. 

The underlying material is accepted by 
the SQAM and has not changed 

detrimentally. 

Continuous 

Continuous 

Placement Documentation Oversight of QC 

Placement Documentation 

~~~ 

Visual inspection Continuous 

' Free 6f ice, snow, organic,soils, 
vegetation, wood. peat, stones larger 

than 6-incha in any direction. 
Visual inspection , Continuous Ovenight O l Q C  

Field density I , .  
95% of maximum dry density or as 

developed in Test Fill Program 115,ooO h2/lift I per 20 QC rempia 
(minimum of 1) 

ASTM D 2922, D 3017, D 1556, 
)r D 2167 or as developed in Test Fill 

See Specification 02221, 
paragraph 3.01 

Remove unstable material or bridge 

Regrede Soil 4.1 

- 
0222 1 

Pull coverage Proof-rolling 

Unstable Anas Approve remdy installallon and 

I 

, . Page2of6 October 2004 



EARTHWORK QAlQC SUMMARY ./- 
100% DESIGN * PRESENT LANDFILL DESIGN, RF'ETS, GOLDEN, COLORADO 

___ 
CQAP 
Section - Specifleation 

Section - 
maximum I-foot lifts, and step 

vansition work areas to prevent vertical 
joints. Do not place fill on frozen 

surfaces (Ius than 32°F) or surfaces 
containing ice crystals or clods of 
frozen soil larger than 4-inches. 

Continuous Visual inspection Oversight of QC Placement Documentation 

4. I 

~~ I Verify that the soil within the top6-[ 
Regrade Soil 

Cont. I inches does not contain refuse, debris, I vegetation, or any material that may 
Visual inspection I Placement Documen,tntion 0222 1 Ovenight of QC Continuous 

leave voids in the subgrade. 

Document placement and compaction 
including lift thickness, type of 

equipment used, and number of passes. 
Minimum of 6 passes with P CAT 8158 

Visual inspection Continuous Oversight of QC Placement Documentation 

compactor or in accordance with the 
Test Fill Program. 

I 

Document placement and comiaction 
including lih thickness, type, of 

equipment used, and number of passu. 
Continuous I Visual inspection Oversight of QC Placement Documentation 

I 

Submittal I Proposed Equipment List I Submit prior to use. I Review 
~~ 

02245 

Review and Approve 
Review and Approve 
Review and Approve 
I per 20 Qc rampla 

(minimum of 1) 
1 per 20 Qc samples 

(minimum of 1) 

Ovmight 

Submittal I Geotechnical T a t  Ruulls I Submit prior to use, ' I I Review 
Submittal Certified Waybills Submit prior to use.' I' Review , 

sieve analysis ASTM D 422 See 022452.01C ) 116,500 cy 

Laboratory compaction ASTM D 1557 Report \ I !  1 116,500 cy 

Layer thickness survey I Oversight 

I 

See paragraph 3.06, Specification 
M7lA 

Ddnage Rock 
(gas coilkction 
renchw, &chat 

trench) 

Oversight of QC 

Ana to receive drainage rock \o be 
lined with separation geotexti e per 

CQAP Table 4.1 with 6-inch end ' I  and Continuous Placement Documentation Visual inspection 
I I edge overlaps, including .theIod of the I 

I 

October 2004 Page 3 of 6 



EARTHWORK QAlQC SUMMARY 
100% DESIGN - PRESENT LANDFILL DESIGN, RFETS, GOLDEN, COLORADO 

Component Documentation Visual inspection 

seep Passive 

System 
Trtatment 4.7 

Placement Documentation Visual inspection 

ASTM C 136 or ASTM D 5519 

Visual inspection 
02245 Riprap and 

Placement Documentation RipnpBcddng 1 4‘10 1 1 
Placement Documentation Visual inspection 

Placement Documcntatlon Visual Inspection 

Placement Documentation Visual inspection 

Submittal Proposed Equipment Ust 
Rock l ~ y m  4.5 02222 Submittal Geotechnical T a t  Ruultr 

II Requlrernents . I QCAction ! I QA Actlon 

Qmtral appeanulce. dimensions. 
soundness, etc. Concrete shall be ‘I (I 
dense, close textured, and free of 
blisten, cracks, roughneSS. and 

exposure of reinforcement. 

As materials arrive on-site As materials anive on-rite 

Installed to duign, precautions to 
prevent damage. subgrade prepared to 
specifications, condition of subgrade 
has not changed detrimentally. field 

tested or Specifications, backfilled to 
Specifications. 

Continuous Oversight of QC 

Submit prior to use. I Review I Review and Approve 
Submit prlor to use. Review Review and Approve 
Submit prlor to use. I Review I Review and Appmvc 11 

IlMatcrial type (Le., 6-inch or 9- 
inch riprap) 

IlMaterial type (i.e., 6-Inch or 9. 
inch riprap) 

See Table 02245-2 

See Table 02245-2 

IiMaterial type (Le., &inch or 9. 

2.5 or mater  I I II 
Review of suppliers test data for 

each rfprap gradation. 
Review of supplltr’~ tu1 data for 

each riprap gradation 

2% or Ius 
10% loss for 100 revs., ors40% loss 

for 500rev.s. . 
e 10% loss I I II 

Place to produce a well-graded mass 
using a zerodrop height. .Begin 

placement dormslope and proceed 
upslope. Ensun: no organic or sof! 

friable material is present. 

, 

Continuous 

Underlying subgrade is smooth and fru 
of son ~ n a s  and voids and meets 

grading requirements. 
Continuous Ovcnlght of Qc 

I II Continuous Ovcnlght of QC , I All work on underlying materials is 
complete and accepted by SQAM. 

I 1 

I I II 
The condition of the underlying layer 
has not changed delrimentally during 
installation and repaired if ntcusary. 

Continuous I Oversight of QC 



Q u W  
Control Item - 

Rock Layer 
Cont. 

I 

Seeding 

3 
I_ 

CQAP 
Secdon ___ 

4.5 

4,Il 

4.12 

- 

EARTHWORK QNQC SUMMARY -- 
100% DESIGN * PRESENT LANDFILL DESIGN, RFETS, GOLDEN, COLORADO 

Fleld gradation Visual inspection 

Sieve analyair ASTM C 136 or ASTM D 5519 

Unconfined comprusivc strength ASTM D 2938 

Placement Documentation Visual inspection 
02222 

: 

Placemcnl Documentation Visual inspection 

Placement Documentation Visual inspection 

Submittal Documentadon of seed calibration 

Topsoil Sieve Analysis USDA 
Topsoil manic Content USDA 

Topsoil N,P,K USDA 

02900 Topsoil Sieve Analysis USDA 
Topsoil manic Content USDA 

Topsoil N,P,K USDA 

02900 

Surface Inspection Visual inspection 

Top of regrade 

Sec requirements in Specification 
01310 01310 Top of subgrade 

Ovenight of QC 

Ovenight of QC 

Ovenight of QC 

As required, at the discredon of th 
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- 
Specification 

Section - 

01310 

EARTHWORK QAJQC SUMMARY 
100% DESIGN - PRESENT LANDFILL DESIGN, RFETS, GOLDEN, COLORADO 

Top of IO-inch cushion layer 

See requlrcments in Specification 

Perimeter drainage channel (slope and I Verify slope and width of channel 

Test methodr d e r  to American Society fof Tatlng and Materials (ASTM) standard tat methods. 
ZI Midmumof 1 test per backfill ana. 

90 = percent 
cm's P cendmta per second 
CQAE - Coruuucdon Quality Assurance Engines 
cy = cubic prds 
ft2 = IqUaIu loot 
LA = La Angela 
QA = quplky &~urance 

, QC = quality control 

-< = tar than or equal 

R V S  E RVOlUdoN 

USCS 0 Unlned Soil Classification System 

- .  -. . ._ 

.. . 

4s required, at h e  discretion of h 
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TABLE4.3 

MATERIAL QUANTITIEs 
PRESENT LANDFILL DESIGN, RFETS, GOLDEN, COLORADO 

L % o r N ? 3 7 l r m + d d l m  rN& 4-3 DQC llR%.rls Page 1 of 1 October 2004 



APPENDIX C 

PROJECT PHOTOGRAPHIC LOG 



:1 OIOU,-I 

. , . , . . t . . . , 

I 



Photo 4: Present Landfill following clear and grub activities (August 2004). 



e 

-5 .e G? 

2004). 

using a Cat 633D scraper (September 2004). 



could not be used due to landfill waste near surface (October 200i). 



(September 2004). 



compactor (September 2004). 



Non-hazardous waste placed in roll-off dumpsters (October 2004). 



I 

Photo 15: 6" cushion material compaction using a Cat CS-583C vibratory 
compactor (October 2004). 



. !J. 

- . .." 
- a  . .  _ 1  ,13, -1 J A:A . > C  > -  . - ,  . 2 -  . 

. -  . ,  . . I  8 .  

. 1 .  
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Photo 17: Hydration of cushion soils using a water truck to minimize dust and 
maximize compaction (November 2004). 

(October 2004). 



Photo 19: Rolls of FML (October 2004). 

- .  

. .. , 
L .  

.. . 

Photo 20: Placement of FML over GCL using a Bobcat T300 track mounted skid- - 
steer (November 2004). 



2004). 



Photo 23: Patching of defects on the FML liner using an extrusion welder 
(November 2004). 



_, , i - * ' 

I 
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?. 
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w -  \. 0 -  , ' - #-p . . *.x ;" 

Transition between GDN and FML (November 2004). 

- -  
r, - I -  .& . : e  . . ?. . o  

Photo 28: 



~~ 

Photo 29: Zip-ties placed every five feet along edges of GDN (November 2004). 



.. I 

i 



, -  

..,.A. ,- 

Photo 33: East face seep detention pond with sediment removal activities from 
east pond slopes (December 2004). 



e 

(December 2004). 

I- . 
- >A,. L w -  7 -. -.- ' ,  

Photo 36: Placement of pond sediments on eastern end of Present Landfill prior to 
mixing with kiln dust (December 2004). 



e 

~~~~ 

Photo 37: Transition from FML and GCL to 6” cushion material (January 2005). 

~~ ~ 

Photo 38: Transition from 10” cushion mal :erial, GDN, FML, 6” cushion material, 
and regrade surface (left to right) on the Present Landfill cap (January 
2005). 





- 
Photo 41: Vacuum testing of defect patches placed on the FML (January 2005). 





a 

Photo 45: 10” cushion placement over GDN on cap of Present Landfill (February 
2005). 

Photo 46: Wildlife present during construction activities. Placement of 22” Rocky 
Flats Alluvium in background (February 2005). 



channel seepage to the seep treatment system (February 2005). 

2005). 



Photo 49: Drain rock placed over strip drains to aid in the capture of seepage 
(February 2005). 

Photo 50: East Face seep capture system constructed with FML and filled with 
drain rock (February 2005). 



Photo 5 1: East face strip drains discharging into the seep capture system (February 
2005). 

Photo 52: Discharge pipeline for the seep capture system surrounded by drain rock 
and non-woven geosynthetic liner (February 2005). 



a 

Photo 54: Placement of Rocky Flats Alluvium along the east face using a Volvo 
A30D and compacted using a Cat 825C sheep’s foot compactor 
(February 2005). 



I 
I 

1 

Photo 55: 6” cushion placement along the east face using a Volvo A30D haul 
truck and a D6R dozer (March 2005). 

-. 
L 
Photo 56: Compaction of 6” cushion material along the east face using a Cat CS- 

583C vibratory compactor (March 2005). 



.; 
Photo 57: Transition between textured FML (FML-T), GCL, and 6” cushion 

material along the east face (March 2005). 

Ill :p 

Photo 58: North-south anchor trench near the crest of the east face (March 2005). 



Photo 59: Hand-tamper used to compact cushion material in anchor trenches 
(March 2005). 

Photo 60: Liner placement and soil compaction along the south half of the east 
face (March 2005). 



e 

Photo 61: Compaction of 6” cushion material and digging of anchor trench along 
the east face (March 2005). 

Photo 62: Placement of 10” cushion material on south half of east face using a Cat 
953C trackloader and a D6H dozer (March 2005). 





using a Cat 14G grader (March 2005). 
._ - 

Photo 66: Construction personnel and regulators observing the effectiveness of 
22” Rocky Flats Alluvium ripping procedures (March 2005). 



e 

Photo 67: Disking of the ripped 2” topsoil layer and 22” Rocky Flats Alluvium 
layer using a D6H dozer with a disk (March 2005). 



(March 2005). 

a 
<-- 

Photo 70: Seeding the cap of the Present Landfill using the FLX-I1 drill seeder 
(March 2005). 



Present Landfill cap (April 2005). 

Photo 72: Corrugated and perforated drain pipeline in the north-south anchor 
trench near the crest of the east face (April 2005). 



. . .  

Photo 73: North half of east face (April 2004). 

~ ~~~~ 

Photo 74: East face with liner and soil transitions (April 2005). 



bedding (April 2005). 



YhOto ' / 8 :  Concrete seep treatment structure at the base of the east face (April 
2005). 



, 
. .- i& ... 

.: . 7. . 

steps, and cover grate for the seep treatment system (June 2005). 



Photo 81: Hydromulching of the seeded landfill cap (April 2005). 

a Photo 82: Landfill surface after hydromulching and seeding (April 2005). 



e 

. "  . .  

Photo 83: C- 150 biodegradable straw erosion matting (February 2005). 

matting (April 2005). 



e 

(April 2005). 



2005). 

I 

i 

downslope (May 2005). 



Photo 89: Culverts along northern side of Present Landfill (May 2005). 

Photo 90: East face with seep treatment system prior to seeding and 
hydromulching (May 2005). 



I I 



Photo 93: Topsoil diversion berm west of the east face and cap transition (May 
2005). 

Photo 94: Topsoil diversion berm with riprap along south side of cap (May 2005). 



l 

I 
! 

I I 

i 

surface (May 2005). 



. . .  . 

east face (left) (May 2005). 

2005). 



---------- 

Photo 99: East face and pond during hydromulching and seeding operations (May 
2005). 

Photo 100: Complete C-125 and C-150 erosion matting near northwest portion of 
landfill (May 2005). 



hydromulching operations (May 2005). 



Photo 103: Groundwater monitoring well near seep treatment system (July 2005). 



Photo 105: Gravel bedding for east face channels (August 2005). 

Photo 106: East face channels near seep treatment system (August 2005). 



Photo 107: North Groundwater Interception System (GWIS) during tie-in 
construction. See Survey Control Points 47 13 and 47 15 of As-Built 
Survey, Sheet 3 (April 2005). 

Photo 108: South GWIS following tie-in construction. See Survey Control Points 
4757,4760 and 4761 of As-Built Survey, Sheet 3 (May 2005). 



APPENDIX D 

CONSTRUCTION CONTRACTOR’S SUBMITTALS AND 
APPROVAL DOCUMENTATION 

(EXCLUDING PROGRESS RECORD SURVEYS) 

J 



APPENDIX D- 1 : SUBMITTAL LOG 



Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 
]Shaded Submittals are included in Atmendix D of CCR I 

01 1 

Submittal Comments Status Date Date Revised Description Submittal 
No. Received Returned Date 

S&H001 (Paragon) 7/13/2004 8/4/2004 Error in calculations for m'anhours Revise & Resubmit 

I Approved I Staff Resumes I 7/1/2004 I 7/31/2004 I 

I 004 I S&H001 (Golder) I 7/8/2004 1 7/31/2004 I I I Submitted I 

I Submitted I Not Used I I 005BIC 1 White LLDPE (60 mil) I 7/23/2004 I N/A I 
I Oo6 I HASP Additions I 711 3/2004 I 7/31/2004 I 811 6/2004 I Resubmittal Approved Approved I 



Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 
Shaded Submittals are included in Appendix D of CCR 

Submittal 
No. 

01 2 

Status Date Revised Submittal Comments Date 
Received Returned Date Description 

Project Management Plan Draft 7/13/2004 N/A For information/remains in draft Submitted 
~~~~ ~~ 

o i  3 I R.F. Alluvium Sampling w.p.  I 7/19/2004 I 7/27/2004 I 
7/20/2004 Haul Map, Material Quantities 

Summary, Mobilization Equipment 

Approved 

N/A For information only Not Approved 

023 

024 

I 015 I Cushion Soil Geotechnical Data I 7/22/2004 I NIA 1 

Training Matrix 8/9/2004 10/9/2004 9/8/2004 Receipt Acknowledged 

Water Supply Station W.P. 811 012004 8/16/2004 8/13/2004 Approved 

See Submittal No. 20 Submitted 

Project Site Plan I 7/23/2004 I N/A 1 I O I 6  I For information only Submitted 

MSDS for Lignosulfonate Dust I 7/27/2004 I 8/7/2004 I I O I 7  I Sumessant I Keep off Preble's Mouse area 

Mobilization W.P. I 7/29/2004 I 8/11/2004 I 8/4/2004 1 
Approved as Corrected 

S&H Exception (United Site I I Services). S&H001 (Gash) I 7/29/2004 1 8/7/2004 I 
Approved 

Approved 

812912005 Page 2 of 11 



Submittal Log I 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 

Date 
Received Description Submittal 

No. . Submittal Comments Status Date Revised 
Returned Date 

I 025 I Pre-Grade & Roll W.P. I 8/23/2004 I 8/31/2004 I 8/30/2004 

Verbal Approval given on 9/28/04 

Approved I 

Approved 

Approved 

Approved 

Approved 

Approved 

Subgrade Prep/Cushion Layer I 026 I Placement W.P. 

I 029 I Boring Pad Construction W.P. I 9/7/2004 
Service Representative Contact I 918/2004 I 030 I Info 

I 9/9/2004 Texas Research International I 032 I Company Info 

I 033 I Liner Laydown Yards W.P. I 9/20/2004 

Seep Water Pump & Store System I 036 I W.P. 

9/29/2005 

9/17/2004 

10/9/2004 

9/13/2004 

10/9/2004 

511 612005 

10/9/2004 

9/23/2004 

10/9/2004 

10/12/2004 

1 0/2 1 /2004 

Approved 

Approved 

Approved 9/9/2004 

9/10/2004 

10/8/2004 

10/12/2004 

10/1/2004 I 
10/9/2004 1 

Comments on gradation analysis (see 
file) I Approved as Corrected 

Material must stay within boundary of 1 Approved as Corrected I 
oond sediment removal 

Approved I 
Install as per attached "soft spots" repair 

procedures 
Approved as Corrected 

Approved 

a12912005 Page 3 of 1 1  



04 1 

042 

LinerNpper Cushion Install W.P. 

Pond Sediment Removal W.P. 

Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 
Shaded Submittals are included in Amendix D of CCR 

L 
Date I SubNmnitta' I Description Status Submittal Comments Date Revised 

Returned Date 

10/1/2004 Approved I 10/10/2004 I 
10/1/2004 10/10/2004 Approved 

Approved 101812004 1011 9/2004 10/12/2004 I Revise as noted in mark-ups 

12/13/2004 Approved 10/13/2004 

10/13/2004 1011 812004 Certs and test data to be compared to 
specs and to delivered rolls I Approved as Corrected 

12/12/2004 1 1 /22/2004 I Approved I 044 I Scale Inspection Report 10/18/2004 

1011 8/2004 
~ 

1/30/2005 12/4/2004 I Receipt Acknowledged 

1 1 /13/2004 For information only I Receipt Acknowledged 10/25/2004 Marking Stick MSDS 

Summary of Soil QC Data I See Submittal No. 48 Submitted 10/26/2004 NIA 

Receipt Acknowledged 1011 12004 3/18/2005 

I Conduct compaction test like first test fill Approved as Corrected 1 1 /8/2004 11/8/2004 
~ _ _ _ _ _ ~ ~ ~  

12/6/2004 

For information only 

For information only 

1 1 /9/2004 12/11 /2004 Approved 

Receipt Acknowledged 

Rock Layer W.P. 

Record Survey 11/2/04 11/9/2004 1211 212004 

I 052 I Record Survey 11/9/04 11/15/2004 12/12/2004 Receipt Acknowledged 

Page 4 of 11 8/29/2005 



Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 

For information only 

For information only 

Incomplete. Needs maximum results 
and results of third test. 

Shaded Submittals are included in Appendix D of CCR 

Receipt Acknowledged 

Approved 

Receipt Acknowledged 

Resubmitted - See 
Submittal No. 082 

Submittal Date Date Revised 
Received Returned Date Description 

No. 

053 Soil Cover Test Fill W.P. 1 1 / I  8/2004 12/3/2004 

054 I Record Survey 1 1/13/04 I i i/i 912004 I 1211 2/2oo4 I 
055 I Pond Sediment Sampling W.P. I 12/10/2004 I N/A I 

I 061 1 Record Survey 12/4/04 I 12/10/2004 I 1/8/2005 

062 I Record Survey 12/11/04 I 12/17/2004 I 1/8/2005 1 
063 I Record Survey 12/18/04 I 1/4/2005 I 1/8/2005 I 

I 12/21/2004 I12/21/20041 
Bulldozer Ground Pressure Test on 

Rock Laver W.P. 064 I 

Page 5 of 11 

Status I Submittal Comments 

The work was never performed. The 
W.P. was cancelled. 

Submitted 

For information only Receipt Acknowledged 

Submitted The work was not performed by Stoller. 
The W.P. was cancelled. 

Volvo trucks OK to use on I O "  cushion 
and 2' cover 

Receipt Acknowledged 

For information only 

For information only 

For information only 

Approved 

Approved 

Receipt Acknowledged 

Receipt Acknowledged 

Receipt Acknowledged 

For information only Receipt Acknowledged 



Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 

~ 

For information only 

For information only 

Shaded Submittals are included in Appendix D of CCR 

Approved 

Receipt Acknowledged 

Receipt Acknowledged 

067 I Soil Cover W.P. I 1/12/2005 I 1/21/2005 

075 

076 

068 I East Face Clear & Grub W.P. I 1/13/2005 I 1/19/2005 

Record Survey 1/8/05 1/28/2005 1/31/2005 

Record Survey 1/15/05 1 /28/2005 1 /31/2005 

071 I Baker Tank Cleanout W.P. I 1/20/2005 I 1/21/2005 

2/4/2005 

I 1/21/2005 I 1/30/2005 North Firing Range Soil Sampling 
Test Results 072 I 

Receipt Acknowledged 

(Existing Seep System) Approved 

073 I East Face Panel Layouts I 1/27/2005 I N/A 

080 

074 I East Face Buttress Fill W.P. I 1/27/2005 I 1/27/2005 

Seep Capture System Repair W.P. 2/2/2005 2/5/2005 

077 I Record Survey 1/22/05 I 1/28/2005 I 1/31/2005 

079 I North Firing Range D422 Test Datal 1/29/2005 I 3/18/2005 

Status Revised 
Date 

Submittal Comments 

Approved 

Approved 

Approved as Corrected See Submittal No. 149 for ST 
Information 

I Correction on sketch in file I Approved as Corrected 

I Use as little water as possible. I Approved 

I I Approved 

I ~~ 

See Submittal No. 096 Submitted I 

For information only I Receipt Acknowledged 

Provide Density Gauge Results I Receipt Acknowledged 

Page 6 of 11 8/29/2005 



Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 

~ ~~ ~ 

211 612005 

Receipt Acknowledged 

~~ 

Receipt Acknowledged 

For information only Receipt Acknowledged 

For information only Receipt Acknowledged 

I 083 I 

086 

087 

088 

Truck Recovery W.P. 

Earthwork Volume Calculations 2/15/2005 311 812005 

Record Survey 2/5/05 2/21 /2005 3/18/2005 

Record Survey 2/12/05 2/25/2005 3/18/2005 

1 2/3/2005 I 2/3/2005 I I 
1 084 1 Record Survey 1/29/05 I 2/4/2005 I 2/20/2005 

Approved 

I For information only 1 Receipt Acknowledged 

1 Receipt Acknowledged 

1. 089 I Erosion Mat Offload W.P. I 2/21/2005 I 2/22/2005 I I Approved 

I 2/22/2005 I 5/2/2005 I Seep Treatment System Cost I OgO I Estimate 
Revise & Resubmit/Receipt 

Acknowledged Remove requirement of 40-hr training I 

Also See submittal No 149 

Page 7 of 11 8/29/2005 



East Face Panel Layouts Approved as Corrected 

097 East Face Liner W.P. 3/2/2005 

098 Asbestos Removal W.P. 3/7/2005 

099 Soil Cover On-site Sampling W.P. 3/7/2005 

Test Results on 2" Material from 

I 102 I Record Survey 2/19/05 1 3/9/2005 

104 Perimeter Channel Certification 311 412005 

105 East Face Upper Cushion W.P. 3/16/2005 

108 Record Survey 2/26/05 3/21 I2005 

3/21/2005 I Approved I 
Approved 

~~ ~ ~ 

3/7/2005 

3/9/2005 

311 812005 

311 812005 For information only 

311 812005 

Approved 

Approved 

Receipt Acknowledged 

Receipt Acknowledged 

Receipt Acknowledged 

3/18/2005 I Certs need to be obtained from QA 1 Not Approved 

Revise per input from EarthTech on 
eauiment allowed on cover 

Receipt Acknowledged 3/25/2005 

3/18/2005 I I Receipt Acknowledged 

3/22/2005 I Obtain embedment angles for fiberglass 1 Approved as 
aratina I 

411 I2005 For information only Receipt Acknowledged 

Page 8 of 11 8/29/2005 



Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 
IShaded Submittals are included in Appendix D of CCR 

Submittal Comments Status Date Date Revised 
Description Submittal 

No. Received Returned Date 
I 

I log I Record Survey 3/5/05 I 3/21/2005 I 4/1/2005 I For information only I Receipt Acknowledged I 
~~ ~ 

Record Survey 311 2/05 I 3/21/2005 I 4/1/2005 I I For information only I Receipt Acknowledged 

I 113 I Erosion Mat Certification Reports I 3/23/2005 I 4/2/2005 I I Approved 

I 115 1 East Face Rock Layer W.P. I 3/30/2005 1 4/1/2005 I 
I 3/31/2005 I 4/1/2005 I Seep Treatment System I 116 I Construction W.P. 

Approved Include discussions on placement and 
spreading of rock layer on slope 

I Approved 
Revise as per 4/1/05 meeting 

I 117 I Record Survey 3/19/05 1 3/31/2005 I 3/31/2005 I For information only I Receipt Acknowledged 

I 118 I Record Survey 3/26/05 I 3/31/2005 I 4/1/2005 I For information only I Receipt Acknowledged 

120 Preliminary Demobilization W.P. 4/11/2005 4/13/2005 Approved 

121 Resume of Jim Erickson 411 312005 5/2/2005 Receipt Acknowledged 

Page 9 of 11. 8/29/2005 



7/6/2005 

Provide in "pdf" format Receipt Acknowledged 

Receipt Acknowledged 

Receipt Acknowledged 

Receipt Acknowledged 

Approved 

136 Completed Work packages 511 8/2005 N/A 

Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 
Shaded Submittals are included in Appendix D of CCR 

Date Date 
Description Submittal 

No. Received Returned 
Submittal Comments Status Revised 

Date 

I 123 I East Face Soil Cover W.P. I 4/15/2005 I 4/18/2005 Approved I 
Approved 

I Add ripping of compacted soil areas I Approved as Corrected 1 125 I Final Demobilization W.P. I 4/21/2005 I 4/28/2005 

5/7/2005 5/9/2005 5 Retained until project file closeout 

Receipt Acknowledged 

5/9/2005 N/A Submitted 

Approved 5/9/2005 5/9/2005 

5/17/2005 

5/16/2005 

Approved 5/19/2005 

511 7/2005 Receipt Acknowledged Redlines/QC Data 

1 131 I As-Built Construction Schedule 1 5/18/2005 5/23/2005 

1 132 I Competed Work Packages I 5/18/2005 I N/A 

1 133 1 Additional "Redlined" Drawings I 511 812005 I N/A 

I 134 I Draft QC Reports I 5/18/2005 1 5/18/2005 

I Receipt Acknowledged 

Page 10 of 11 8/29/2005 



Submittal Log 
Present Landfill Accelerated Action Construction Project 

Rocky Flats Environmental Technology Site 
Shaded Submittals are included in Appendix D of CCR 

611 412005 

611 412005 

611 612005 

7/7/2005 

5/25/2005 

I Submittal I 

N/A 

611 512005 

N/A 

7/7/2005 

5/25/2005 

Description 

Additional Revisions 

1 .  * . 
' . j37 - Seep Treatment System Rebar 

I -.', % .  Certifications 

Receipt Acknowledged 

Receipt Acknowledged 

Receipt Acknowledged 

Receipt Acknowledged 

Approved 

I 138 

7/8/2005 

Seep System Draft As-built drawins 

Approved 

Approved 

Certified Payroll 

1 140 

I 

E 144 

"' 145 - I= I 146 

Golder QC Data Packages 

Material Quantities 

Record & As-built Drawings 

Certified Payroll 

Certified Payroll 

Grating Support Shop Drawing 

Additional QC Daily Reports 

6/15/2005 I N/A 

7/7/2005 I 7/7/2005 

7/7/2005 I 7/7/2005 

Status 

Receipt Acknowledged 

Revise & ResubmitISee 
Submittal No. 142 

Receipt Acknowledged 

Revised 
Date 

Submittal Comments 

Revision requested along with other as- 
built and record drawings 

I Receipt Acknowledged 1 

I I Receipt Acknowledged 1 
I I Approved I 

8/29/2005 Page 11 of 11 



APPENDIX D-2: TECHNICAL AND MATERIAL SUBMITTALS 



r Submittal of Shop Drawings, x 
Manufacturer's Certificates of Compliance, or Other 

(Read Instructions'prior to initiating this form.) 
Date: July 7,2004 

Resubmittal 

From: To : 
Mr. Bob Davis Paul Kreitz Subcontract No: KEl020577 
WETS S.M. Stoller Corporation 
10808 Highway 93, Unit B Bldg 116 
Golden, CO 80403-8300 

990 South Public Road, Suite A 
Lafayette, CO 80026 

I I - I -  I I 

Submittal No. 003 

Previous Submittal No. 

Specification Sec. No. (Cover only one section with each Submittal) Project Title: Construction of the Present Landfill Accelerated Action 

I I 

Item Description of Item Submitted MFG. Or Contr. Cat., Curve 
No. (Type, size, model number, etc.) Drawing or Brochure No. 

(See Instruction #8) 

I I 

I I Contractor Contract Reference Deviation NO. of 
Copies Doc1 

Spec. 
Paragraph No. 

I certify that the above submittal items have been received 
in detail and are correct and in strict conformance with the 
contract drawings and specifications except as otherwise 
noted. 

Signature of Subcontractor: 

lentDrawing , (see 1n;sction 

Sheet No. 

Date: 

Action Code 
(See Instruction #9) 

f. 

NIA 

g. h. 

NIA 

- a. b. : c. d. e. 

1 Detailed Schedule NIA 4 sow 5.0 
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For Submittal of Shop Drawings, Equipment Data, Material Sa 
Manufacturer's Certificates of Compliance, or Other 

X 
Date: July 7,2004 

(Read Instructions prior to initiating this form.) 

Item 1 Description of Item Submitted 

Resubmittal 

(Type, size, model number, etc.) 
No. I 

To : 
Mr. Bob Davis 
RFETS 
10808 Highway 93, Unit B Bldg 116 
Golden, CO 80403-8300 

From: 
Paul Kreitz 
S.M. Stoller Corporation 
990 South Public Road, Suite A 
Lafayette, CO 80026 

MFG. Or Contr. Cat., Curve 
Drawing or Brochure No. 

(See Instruction #8) 

No. of 
Copies 

C. 
I 

Contract Reference Deviation Contractor 
Document (See Instruction Action Code 

Spec. Drawing #6) (See Instruction #9) 
Paragraph No. Sheet No. 

I See Attached 

3. 

GSE Ultraflex 40 Mil Textured 
LLDPE 

b. 

See Attached 

d. e. 

See Attached I 3 1 Texdrain 200 DS 

f. g. h. 

6 

6 

ILLOWING ITEMS (This section to be initiated by the Subconrractor) 

Subcontract No: KH020577 
Submittal No. 005 

02225 NIA X 

02225 . , 

Previous Submittal No. 

6 

6 

Project Title: Construction of the Present Landfrll Accelerated Action 

02224 

02226 X 4 Bentomat ST See Attached 

I I 

. ~ 

. .. . .. ,. ... metric (Newtons) expression. .. . 

X 

in detail and are c,orrect and in strict conformance with the 

I I I I 
I I I I 

contract drawings and specifications except as otherwise 
noted. , 

Signature of Subcontractor: 

.. 

Enclosures Returned (List by Item Date: 

n LlC I 
CONSTRUCTION SITE; K>R INFOWATiGN THAT 
DERTAiNS SOLELY 10 FABRICATION PROCESSES OR TO 

I1 .- 

TECHNIQUES OF CONSTRUCTION; AND FOR 



1. 

2. 

3. 

4. 

< .,. 

6. 

7. 

8. 

.9. 

SUBMITTAL TRANSMITTAL FORM 

Instructions 

Section I will be initiated by the Subcontractor. 

Each submittal shall be numbered consecutively in the space titled "Submittal No." beginning with Number 001. This number, in addition to the contract number 
and specification number, will form a serial number for identifying each submittal. For new submittals, mark the appropriate box; on resubmittals, insert submittal 
number of last submission and use the original submittal number with an alphabetic suffix; e.g., 001-A. 

Separate submittal forms shall be used for each specification section. Multiple items under the same specification section may be included on one submittal form. 

The "Item NO." shall be consecutive from 1 to the last item on a submittal. 

Submittals requiring expeditious handling shall be submitted separately and shall so state in bold type in the remarks area. There is no guarantee of expeditious 
handling. 

.A check shall be placed in Column "g" when a submittal is not in accordance with the plans and specifications-also, a written statement to that effect shall be 
included in the space titled "Remarks". 

Form is self-transmittal; letter of transmittal is not required. 
" 

\Vhen a sample material or Manufacturer's Certificate of Compliance is transmitted, indicate "Sample" or "Certificate" in Column "c" Section I. 

Contractor will assign action codes as indicated below in spaces provided in Section I, Column "h" to each item submitted and complete Section II of the form. 

The following action codes are given to items submitted: , 

.. A Proceed 
B Proceed except as noted .. 

C Revise and Resubmit ,... 
_I' 

D Disapproved 
E Receipt Acknowledged 

10. Review of items does not relieve the Subcontractor from complying with all requirements of the contract plans and specifications. 



e 
SUBMITTAL ~MITTAL FORM 

Attachments: 

Line 1 GSE Untraflex 40 Mil LLDPE 

Product Data Sheet (1) 
e GSE Ultraflex, 40 Mil, Sample (2) 

Line 2 GSE Ultraflex 40 Mil Textured LLDPE 

Product Data Sheet (1) 
GSE Ultraflex Textured 40 Mil, Sample (2) 

Line 3 Texdrain 200 DS 8 

Certified Properties 
0 Texdrain Geocomposite Installation Guidelines 

Texdrain Geocomposite Manufacturing Quality Assurance and Quality Control 

Line 4 Bentomat ST 

Certified Properties 
Product Sample 
Bentomat Claymax Installation Guidelines 
SGI Testing Services Letter, 18 March 2002 
GCL Performance & Design Reference (TR-327) 
Manufacturing Quality Assurance and Quality Control Manual (TR-403) 
Construction Quality Assurance (CQA) Manual (TR-404) 
CETCO Lining Technologies Letter, June 28,2004 to Colorado Lining 

Additional Attachments 

e 

Colorado Lining Certification from GSE 
GSE Geornembranes Manufacturing Quality Assurance Manual 
LS€ 2,-\7 07 'hoc, CerI.:$:c4P.s- IC&/ 
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From: Archibald, Ryan [Ryan.Archibald@earthte,ch.com] 
I Sent: e Tuesday, July 13,2004 9:47 AM 

Davis, Robe; W. 
Thompson, Randy 

Subject: Geosynthetic Material Submittal Comments 

Hey Bob, 

Attached are comments on the submittal you provided yesterday. I checked all data to both the 
Specs and WQC Plan. I do have some minor edits to the specs based on the submittal. I will 
send you the latest versions when completed. 

Thanks , 
Ryan 

GemynUmlicSd~r~itlal 

<<Geosynthetic Submittal Comments.doc>> . cmyI1pnt... 

\ 



Geosyathetic Materials Submittal 
July 13,2004 

Comments 

GENERAL 

The information provided is used to demonstrate that the manufacturer can produce 
geosynthetics that meet specifications. Per Table 4.1 of the QNQC Plan, QC personnel 
must prove that the specific project material (delivered to the site) meets the requirements 
in the QMQC Plan and Specifications. This will be accomplished with manufacturer 
certification sheets similar to the one provided with the GDN information. It is the 
responsibility of the third party QA to then sample the material delivered to the site at the 
frequencies listed in Table 4.1. 

GDN 

1. The GDN specification discusses resin properties (Section 2.0 1 C). From the cut- 
sheet provided, I could not verify that the resin used to produce the geonet meets 
these requirements. I assume the resin information provided with the LLDPE 
infomation is applicable. If so, the GDN properties are acceptable. 

2. The GDN specification states anchor ties every 6-inches not every 12-inches as stated 
in the TexDrain Geocomposite Installation Guidelines. 

3. The GDN specification states the GDN overlap shall be 3-inches on the edges and 6- 
inches on the ends. The TexDrain Geocomposite Installation Guidelines states 4- 
inches on the edges and 12-inches on the ends. This is acceptable, but leads to 
slightly larger material requirements. 

4. The Geocomposite Certification Sheet should include all tests provided in Table 4.1 
of the QA/QC Plan. 

1. The GCL Internal Shear Strength test frequency is listed as “Periodic”. Per Table 4.1 
of the QA/QC Plan, please provide the frequency for QNQC approval. 

2. The memo dated June 28, 2004 states that the bentonite will be tested for swell index 
(ASTM D 5890) at 1 per 50 tons. The GCL MQA Manual states 1 per 50 tonnes. 
Please clarify whch frequency is correct for the swell index and moisture content 
tests. 

, 

3. The memo dated June 28, 2004 states that CETCO will provide GCL with standard 
mass per unit rate of 0.893 lbs/ft2. Please note that the revised Specification 02226 



4. 

5. 

6. 

7. 

states 0.75 lbs/ft2. An increased density is of course acceptable so long as the other 
properties are met. 

The SuperGroove seam enhancement includes a precision cut in the GCL. This may 
make the Regulators nervous. Can the liner subcontractor provide project specific 
information on use of the SuperGroove or if it is incorporated into modeling? Does 
GRI endorse the SuperGroove? Which column in Table 1 of the SuperGroove 
submittal represents the SuperGroove test? 

The CQA Manual provided is usehl but during construction, the liner contractor 
must install GCL in accordance with the approved QNQC Plan. 

During construction, the manufacturer must provide a GCL Certification Sheet 
similar to that included with the GDN information. The sheet will show results of all 
tests required by the QNQC Plan and Specifications. 

Please include in the GCL Certification Sheet verification that needle punched 
nonwoven geotextiles have been inspected for broken needles (per Specification 
02226 Section 1.03 Part A Number 5. 

LLDPE 

1. 60-mil LLDPE infomation provided is acceptable. 

2. During construction, the manufacturer must provide a LLDPE Certification Sheet 
similar to that included with the GDN information. The sheet will show results of all 
tests required by the QNQC Plan and Specifications. 

e 



GEOSYNTHETIC COMPOSITE DRAINAGE NET 

Submittal Information 

Present Landfill Accelerated Action Construction Project 

Rocky Flats Technology Site 

August 12,2004 



geosynth.etic clay liners * geos'ynthetic clay liners 0 geosynthettr clay liners 

200 mil GEONET PROPERTIES 

.... _. , _..I. 

TEST METHOD UNITS VALUE I 

TexDrainTM200 DS 8 

Thickness 

Polymer Density 

Transmissivity' 
Carbon Black 
Tensile Strength 

ASTM D 5199 mils 200 

ASTM D 1505 g/cm3 0.940 

ASTM D 4716 g/min/ft (m2/s) 4.8 (1.0 x 10'~) 

ASTM D 1603 % 2 
ASTM D 5035 (mod) Ibs/in 45 

GEOTEXTILE PROPERTIES' 
Weight 
Grab Tensile 
Puncture 
Mullen Burst 

TEST METHOD UNITS VALUE 
ASTM D 5261 oz/yd2 8.0 
ASTM D 4632 Ibs 203 
ASTM D 4833 Ibs 130 
ASTM D 3786 psi 450 

Water Flow Rate 

AOS 

ASTM D4491 gpm/ft2 110 

ASTM D 4751 US Sieve 100 sieve 

TR-7 1 1 
Revised 12/02 

GEOCOMPOSITE PROPERTIES 
Transmissivity' 
Peel Adhesion 

1500 West Shure Drive Arlington Heights, IL 60004 USA 800.527.9948 Fax 847.577.5571 
For the most up-to-date product information please visit our website, www.cetco.com 

A wholly owned subsidiary of AMCOL International Corporation 

VALUE 
ASTM D 4716 glrninlft (m'/s) 0.19 (4.0 x 
ASTM D 413 Ibs/in 1 

TEST METHOD UNITS 

The information and data contained herein are believed to be accurate and reliable, CETCO makes no warranty 
of any kind and accepts no responsibility for the results obtained through application of this information 

ROLL DIMENSIONS4 WIDTH LENGTH AREA WEIGHT 
13.5 feet 200 feet 2,700 feet 750 Ibs 
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0 

. 2.- 

panel and every five feet along the length of the geonet panel. At The top of the slope, 
the geocomposite in the anchor trench shall be tied at one foot internals. 

When connecting geocomposite rolls end to end, the geonet should be overlapped a 
minimum of one foot and tied every 12 inches across the roll. The geotextiles should be 
overlapped and thermal bonded or sewn per project specifications. No horizontal 
seams shall be allowed on side slopes greater than 4:1, unless approved by the design 
or CQC/CQA engineer. 

2.2 Tying of the geonet will be with plastic fasteners (eg. wire ties). Tying devices shall be 
white or yellow for easy inspection. Metallic devices are not allowed. 

2.3 On slopes steeper than 10 horizontal to one vertical, it is recommended that the 
TexDrain Geocomposite geotextile be continuously sewn. The geotextile must be 
overlapped by a minimum of four inches. 

2.4 On bottoms areas or slopes less than ten horizontal to one vertical, TexDrain 
Geocomposites shall be sewn, thermally bonded, or overlapped per the project 
specifications. 

3.0 Repairs 

The repair will be observed and if smaller than three feet by three feet, the TexDrain Geocomposite 
will be repaired. If the tear or hole is larger, then the roll will be cut and a butt joint placed. 

3.1 If the geonet is undamaged, and the geotextile is damaged, a patch of geotextile shall a 
be placed. The geotextile patch shall be thermally bonded in place and shall be thermal 
bonded a minimum of twelve inches in all directions. 

The information contained herein has been compiled by CETCO. This information is provided gratis and is intended only 
as a guideline. Installation is the sole responsibility of the Contractor. There is no implied or expressed warranty 
regarding installation of this product. 

Page 2 of 2 TR-701 
Revised 10/02 

1500 W. Shure Drive Arlington Heights, IL 60004 USA (847) 392-5800 FAX (847) 577-5571 
A wholly owned subsidiary of AMCOL International 

The information and data contained herein are believed to be accurate and reliable. CETCO makes no warranty of any kind and 
no responsibility for the results obtained through application of this information 
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TexDrain@ Geocomposite 
Manufacturing Quality Assurance and Quality Control 

1.1 TexDrain Drainage Net 

TexDrain drainage net consists of approximately 97% polyethylene, 2 to 3% carbon black, and up to 
1 % antioxidants. The drainage net is continuously monitored during the manufacturing process. The 
key element to successfully manufacturing high quality drainage nets is to maintain consistency in 
both the raw material and the process. Raw material consistency is established in the laboratory when 
the resin is initially received and tested. An on-line quality control monitor establishes consistency 
during the processing. This representative of the quality department has been specially trained to 
monitor the process and the products during the manufacturing process. The on-line quality monitor 
can place material on hold if the material has any visual defects or dimensional abnormalities. All 
materials placed on hold will be further inspected and tested. If the material passes specification and 
is approved by the quality control manager and/or production manager, the material will then be 
released into stock. If the material fails to pass the specification or does not get approval of the quality 
control manager or production manager then the material will be reclassified or scrapped. In either 
case it cannot be sold as a prime TexDrain drainage net. 

1.2 TexDrain Geocomposite 

TexDrain geocomposites consist of a geotextile bonded to one or both sides of the CETCO drainage 
net. All geotextiles must meet the specifications before being eligible for production of geocomposites. 
CETCO utilizes a heat bonding process to laminate the geotextile to the drainage net. An on-line 
quality control monitor establishes consistency during the processing. This representative of the 
quality department has been specially trained to monitor the process and the products during the 
lamination process. The on-line quality monitor can place material on hold if the material has any 
visual defects or dimensional abnormalities. All materials placed on hold will be further inspected and 
tested. If the material passes specification and is approved by the quality control manager and/or 
production manager, the material will then be released into stock. If the material fails to pass the 
specification or does not get approval of the quality control manager or production manager then the 
material will be reclassified or scrapped. In either case it cannot be sold as a prime CETCO 
g eocom posi te . 

Page 1 of 5 TR-702 
Revised I0/02 

1500 W. Sliurc Drive Arlington Hciglits, IL 60004 USA (847) 392-5500 FAX (847) 577-5571 
A \vholly o\\wed subsidiary of AMCOL Intcmational 

'l'lie informatioti and data coiitait~cd licrciti arc belicvcd to bc acciiratc and rcliablc. CETCO makes no \varranty of any kit id and 
no rcspoi~sibili~y for tlic r ~ s i t l t s  obtainctl through application of this ii~fomiatioii 



1.3 Roll Labeling 

Three labels are affixed to each roll as.described below: 

1. One label on the inside of the core. 
2. One label on the face on the roll 
3. One label on the end of the roll *An additional label is attached to the laboratory sample 

1.4 Storage, Staging and Shipping of drainage net and Geocomposite Rolls 

' All drainage net and geocomposite rolls are stretch wrapped prior to moving them to the storage area. 
Before shipment, all documentation is checked against the information on the roll labels. A full 
truckload consists of 24 rolls of drainage net and/or geocomposite material. 

1.5 Laboratory Testing Program 
1.5.1. Drainage Net 

A I 5  inch wide sample is cut across the width of every 10th roll and brought to the CETCO 
laboratory for testing. The sample is checked for visual defects and then tested according to 
the following: 

I 1 Testing Frequency 
(min.) 

! Test Method Property 

ASTM D 5261 

--- 
Melt Index 

.................... ........... ......... .. 
I_ 

Tensile Strength 

..... - . .... 

The laboratory manager reviews all test results to insure the product meets the specification. 
Any roll that does not meet the specification is immediately reported to the on-line quality 
control manager and the roll(s) is placed on hold for further evaluation. 

1.5.2. Geotextile 

The manufacturer of the geotextile shall submit quality control test results for the geotextile 
rolls. The rolls must meet the specifications before they are accepted for production of 
geocomposites. 
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The geotextile manufacturer shall perform the following tests. 

Test Method 

....... ~ .... ...... . "_ - ~ - -  

1.5.3. Geocomposite 

A 15 inch wide sample is cut across the width of every 20th roll and brought to the CETCO 
laboratory for testing. The sample is checked for visual defects and then tested according to 
the following. 

-4 

ITesting Frequency! 

(min.) I 1 Property l e s t  Method 

1. Transmissivity test is performed with the drainage net or the geocomposite between two 
steel plates at a hydraulic gradient of 1 .O and a normal pressure of 15,000 psf (71 8 kPa). The 
seating time is 15 minutes. The laboratory manager reviews all test results to insure the 
product meets the specification. Any roll that does not meet the specification is immediately 
reported to the on-line quality control manager and the roll(s) is placed on hold for further 
evaluation. 

1.6 Quality Control Report 

The following reports are sent to the engineerklient as CETCO standard quality control reports. They 
document the property values of the specific rolls shipped to the project. 
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1.6.1. Drainage Net Certification Sheet 

TEXDRAIN GE 0 COMPOSITE CERTIFICATION 
Date: CETCO 

Project No Order No.: 1500 West Shure Drive 
Trip No Certified By. Arlington Heights, IL 60004 
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q 2 .  Geocomposite Certification Sheet 

TEST DESCRIPTION 

ASTM METHOD 
MODIFICATIONS 

UNITS 
S P EC I FIC AT10 N 

a 

THICKNESS 

STRENGTH 
ASTM D 5199 ASTM D 5261 ASTM D 1603 ASTM D 5035 ASTM D 4716 

Avg. min 
mils Ibs I sq ft 0% PPi x 1 0 . ~  sq m I S  

TEXDRAIN GEONET CERTIFICATION 

MASSlAREA 

Date: CETCO 
Order No.: 1500 West Shure Drive 

CARBON BLACK ULTIMATE 
TENSILE 

Trip No.: Certified By: Arlington Heights, IL 60004 . 

ROLL NUMBER 

TRANSMISSIVITY 

BLEND 

I I I I I I 
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GEOSYNTHETIC CLAY LINER 

Submittal Information 

Present Landfill Accelerated Action Construction Project 

Rocky Flats Technology Site 

August 12,2004 



MEMO June 28,2004 

To: DanLahr 
Colorado Lining 

From: Jim Olsta 

cc: JoeKaul 
Kathy Brazeau 

Subject: Rocky Flats 

Dear MI-. Lahr: 

CETCO has reviewed the specifications for the geosynthetic composite drainage net 
(GDN) and geosynthetic clay liner (GCL). CETCO takes the following exceptions: 

The GDN transmissivity test frequency is listed with two different frequencies. 
CETCO will test the GDN at a frequency of 1/540,000 sq.ft. as listed in Table 

CETCO cannot test the GCL moisture content, swell index and mass per unit 
area at a frequency of 1/10,000 sq.ft. at this time of year due to disruption to 
production. Manufacturing at this test frequency would have to be delayed until 
October. CETCO GCL clay swell index frequency is 1 per 50 tons and GCL 
moisture content and mass per unit area frequency is 1/40,000 sq.ft. as 
recommended in ASTM D5889, Standard Guide for GCL Manufacturing 
Quality Control. 
Also per ASTM D5889, CETCO uses the following test methods; permeability 
(D5887), swell index (D5890 prior to incorporation into the GCL) and mass per 
unit area (D 5993). 
Please note CETCO's standard mass per unit area is 0.751bs/ft2 at 0% moisture, 
however we will provide the specified 0.8931bsl ft2 for this project at no extra 
charge. 

0262 1-3. 

Extra cost for permeability testing is $300.00 each x 10 extra tests which equals $3000 in 
extra perm tests required for this project. 

If you have any questions, feel free to contact me. 

Sincerely, 

Jim Olsta 
Technical Manager 



<- 
I- 

----., .-- -_ ._e- 

BENTOMAT@ ST CERTIFIED PROPERTIES 

TEST METHOD 

ASTM D 5890 

MATERIAL PROPERTY 

Bentonite Swell Index 

TEST FREQUENCY REQUIRED VALUES 
ft'(m') 

1 per 50 tomes 24 mV2g min. 

Bentonite Fluid Loss 

Bentonite Mass/Area2 

ASTM D 5887 

ASTM D 5321 
ASTM D 6243 

1 GCL Grab Strength3 

Weekly 5 x o - ~  cm/sec max 

500 psf (24 kPa) typ @ 200 psf 
6,500 psf (31 1 Wa) typ @ 10,800 psf Periodic 

I GCL Peel Strength3 

I GCL Index Flux4 

I GCL Hydraulic Conductivity" 

GCL Hydrated Internal I Shear Strength' 

ASTM D 5891 I 1 per 50 tomes I 18 m~ max. 

ASTM D 5993 I 40,000 A2 (4,000 m2) . I 0.75 .Ib/ft2 (3.6 kg/m2) min 

90 lbs (400 N) min 
22.5 lbs/in (40 N/cml min I 200,000 f t2  (20,000 m2) I ASTM D 4632 

ASTM D 6768 

ASTM D 4632 
ASTM D 6496 

1 15 lbs (65 N) rnin I 40'000 ft2 (4'000 n'2) 2.5 Ibs/in (4.4 N/cm) min 

ASTMD5887 I Weekly I 1 x 10-8 m3/m2/sec max 

I 

geotextiles, which are needlepunched together, 

Notes 
I Bentonite piopeity tests peifonned at a bentonite processing facility before shipment to CETCO's GCL production facilities. 
* Bentonite inass/area repoited at 0 percent moisture content. ' All tensile strength and peel strength testing is peifonned in  the machine direction using 4 inch grips per modified ASTM D 4632. Results are reported as minimum 

' Index flux and penneability testing with deaired distilled/deionized water at 80 psi (551kPa) cell pressure, 77 psi (531 Wa) headwater pressure and 75 psi (517 Wa) 
average roll values unless otherwise indicated. Upon request, tensile strength can be repoi-ted per ASTM D 6768 and peel sti-ength can be reported per ASTM D 6496. 

tailwater pressure. Repoited value is equivalent to 925 gallacrdday. This flux value is equivalent to a penneability of 5 ~ 1 0 . ~  c d s e c  for typical GCL thickness. Actual 
flux values vaiy with field condition pressures. The last 20 weekly values piior the end of the production date of the supplied GCL may be provided. ' Peak values ineasuied at 200 psf ( I  0 kPa) and 10,800 psf (5 I7 kPa) noimal stress for a speciinen hydrated for 48 hours. Site-specific materials, GCL products, and test 
conditions must be used to verify internal and inteiface strength of the proposed design. 

1500 West Shure Drive Arlington Ileights. IL 60004 USA 800.527.9948 Fns 847,577,557 I 
For the most uli-to-date product infoilnation please visit oiir websile: \\'\\'\\'.celco.coiii 

A wholly owned subsidiary of AMCOL Inteniation;il Corporation 

The inforninlion and data cont:lined lierein iiic believed IO be acclirnte and relinble. CEI'CO niake tin W:I~:I I I I~ 

of any kind nnd nccepls no leslionsibility for  lie rcsi i t ts obtoiiictl tlirougli :ippIic:ttion of Illis itifniiii;iiiai. 
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INTRODUCTION 

i 

1.1 This document provides procedures for the installation of CETCO's GCLs i n  a manner that 
maximizes safety, efficiency, and the physical integrity of the GCL. 

These guidelines are based upon several years of experience a t  a variety o f  sites and should 
be generally applicable to  any type of lining project using CETCO's GCLs. Variance from 
these guidelines i s  a t  the engineer's discretion. 

The performance of the GCL i s  wholly dependent on the quality of i t s  installation. It i s  the 
installer's responsibility t o  adhere to  these guidelines, and to  the project specifications and 
drawings, as closely as possible. It i s  the engineer's and ownet's responsibility t o  provide 
construction quality assurance (CQA) for the installation, t o  ensure that the installation has 
been executed properly. This document covers only installation procedures. 

1.2 

1.3 

EQUIPMENT REQUIREMENTS 

2.1 CETCO GCLs are delivered i n  rolls weighing 2,600-2,950 lbs (1180-1340 kg). I t  i s  necessary to  
support this weight using an appropriate core pipe as indicated i n  Table 1. For any 
installation, the core pipe must not deflect more than 3 inches (75 mm) as measured 
from end t o  midpoint when a full GCL rol l  i s  lifted. 

:.- ,k -8 1 

CORE REQUIREMENTS 

16 x 24" (4.9 x 610) 2,600 (1180) 3 3/4 (100) 20 x 2.88"0.D.(6.1 cm x 73.lmm) XXH 
16' x 26" (4.9 x 660) 2,950 (1340) 3 3/4 (100) 20 x 2.88"0.0.(6.1 crn x 73.lrnm) XXH 

I 
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spreader bar made from an I-beam as shown i n  Figure 1. 

2.3 The spreader bar ensures that l i f t ing chains or straps do not chafe against the ends of the GCL 
roll, allowing it t o  rotate freely during installation. Spreader bar and core pipe kits are available 
through CETCO. 

2.4 A front end-loader, backhoe, dozer, or other equipment can be utilized with the spreader bar 
and core pipe or slings. Alternatively, a forklift with a "stinger" attachment may be used for 
on-site handling and, i n  certain cases, installation. A forklift without a stinger attachment 
should not be used t o  lift or handle the GCL rolls. Stinger attachments (shown i n  Figures 2-4) 
are specially fabricated t o  fit various forklift makes and models. 

PIN MOUNT 

a 1 BENTOMAT/CLAYMAX Installation 

I 
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vehicle (ATV) can be used t o  deploy the GCL. An ATV can be driven directly on 
the GCL provided t h a t  no sudden stops, starts, or turns are made. 

Additional equipment needed for installation of CETCO‘s GCLs includes: 
Ut i l i ty  knife and spare blades (for cut t ing the GCL). 
Bentonite mastic (for sealing around structures and details) and/or granular bentonite 
(for end-of-roll seams of  GCLs wi th  needle punched, non-woven geotextiles and for 

2.6 

sealing around structures and details). Both are available from CETCO. 

Waterproof tarpaulins (for temporary cover on installed material as well as for stockpiled rolls). 

Optional flat-bladed vise grips (for positioning the GCL panel by hand). 

SHIPPING, UNLOADING & STORAGE 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

A l l  l o t  and ro l l  numbers should be recorded and compared t o  the  packing l is t .  Each ro l l  o f  GCL 
should also be visually inspected during unloading t o  determine if any packaging has been 
damaged. Damage, whether obvious or suspected, should be recorded and marked. 

Major damage suspected t o  have occurred during transit shou’ld be reported immediately t o  the 
carrier and t o  CETCO. The nature o f  the damage should also be indicated on the bi l l  of  lading 
wi th  the specific l o t  and ro l l  numbers. 

The party directly responsible for unloading the GCL should refer t o  th is manual prior t o  shipment 
t o  ascertain the appropriateness of  their unloading equipment and procedures. Unloading and 
on-site handling o f  the GCL should be supervised t o  ensure these goals are achieved. Roll 
dimensions and weights w i l l  vary wi th the dimensions of the product ordered. 

I n  most cases, CETCO GCLs are delivered on flatbed trucks. There are three methods o f  
unloading; core pipe and spreader bar, slings or  stinger bar. To unload the  rolls from the 
flatbed using a core pipe and spreader bar, f i rs t  insert t he  core pipe through the core tube. 
Secure the  l i f t ing chains or straps t o  each end of t he  core pipe and t o  the  spreader bar 
mounted on the l i f t i ng  equipment. Hoist the ro l l  straight up and make sure i t s  weight is evenly 
distributed so tha t  it does no t  tilt or sway when lifted. 

CETCO GCLs can be delivered with two 2” x 12’ Type V polyester endless slings on each roll. Before 
lifting, check the position of the slings. Each sling should be tied off i n  the choke position 
approximately 1/3 the way in from the end of the roll. Hoist the roll straight up so that it does not 
tilt or sway when lifted. 

I n  some cases, GCL rolls will be stacked i n  three pyramids on flatbed trucks. If slings are not used rolls 
will require unloading with a stinger bar and extendible boom fork lift. Spreader bars wi l l  not work i n  
this situation because of the limited distance between the pyramids of GCL. Three types of stinger bars 
are available from CETCO (refer to Figures 2-4). To unload GCL rolls oriented like this, guide the stinger 
bar as far as possible through the core tube before lifhng the GCL roll and unloading from the truck. 
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3.7 Rolls should be stored at the job site away from high-traffic areas but sufficiently close to  
the active work area to  minimize handling. The designated storage area should'be flat, dry 
and stable. Moisture protection of the GCL i s  provided by i t s  packaging; however, an 
additional tarpaulin or plastic sheet i s  recommended. 

3.8 Rolls should be stacked i n  a manner that prevents them from sliding or rolling. This can 
be accomplished by frequent chocking of the bottom layer of rolls. Rolls should be stacked . 

no higher than the height a t  which they can be safely handled by laborers (typically no 
higher than four layers or rolls). Rolls should never be stacked on end. 

. 

SUBGRADE PREPARATION 

4.1 

4.2 

4.3 

Subgrade surfaces consisting o f  granular soils or gravel may not be acceptable due to  their 
large void fracture and puncture potential. I n  high head (greater than one foot) applications 
subgrade soils should possess a particle size distribution such that at least 80 percent of the 
soil i s  finer than a #60 sieve (0.250 rnm) unless a membrane laminated GCL Bentomat CL, 
Bentomat CLT, or Claymax CL is  used. 

When the GCL i s  placed over an earthen subgrade, the subgrade surface must be in accordance 
with the project specifications. Engineer's approval of the subgrade must be obtained prior to  
installation. The finished surface should be firm and unyielding, without abrupt elevation changes, 
voids, cracks, ice, or standing water. 

The subgrade surface must be smooth and free of vegetation, sharp-edged rocks, stones, 
sticks, construction debris, and other foreign matter that could contact the GCL. The 
subgrade should be rolled with a smooth-drum compactor t o  remove any wheel ruts, 
footprints, or other abrupt grade changes.'Furthermore, a l l  protrusions extending more than 
0.5 inch (12 mm) from the subgrade surface shall be removed, crushed, or pushed in to the 
surface with a smooth-drum compactor. The GCL may be installed on a frozen subgrade, but 
the subgrade soil i n  the unfrozen state should meet the above requirements. 

5.1 GCL rolls should be taken to  the work area of the site i n  their original packaging. The 
orientation of the GCL (i.e., 'which side faces up) may be important i f  the GCL has two 
different types of geosynthetics; Unless otherwise specified the GCL i s  deployed with the 
outward side down. The arrow sticker on the plastic sleeve indicates the direction the rol l  
w i l l  unwind when placed on the ground, (see figure 5). Prior t o  deployment, the packaging 
should be carefully removed without damaging the GCL. 



. . 

~ 

5.2 Equipment which could damage the GCL should not be allowed to  travel directly on it. Acceptable 
installation, therefore, may be accomplished such that the GCL i s  unrolled i n  front of the 
backwards-moving equipment (Figure 6). I f  the installation equipment causes rutting of the sub- 
grade, the subgrade must be restored to  i ts  originally accepted condition before placement continues. 

Bentomat CLT panels to  avoid damage to  the geotextile surface of one panel of GCL by the textured 
sheet of another panel of GCL. A temporary geosynthetic subgrade covering commonly known as a 
sl ip sheet or rub sheet may be used to reduce friction damage during placement. 

..* .. 
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UNROLLING BENTOMAT 

5.6 

5.7 

5.8 

. 5.9 

The GCL should be placed so. tha t  seams are parallel t o  the direction of the slope. End-of-roll seams 
should also be located a t  least 3 ft ( l m )  from the toe and crest o f  slopes steeper than 4H: 1V. 
End-of-roll seams should be used only i f  the liner i s  not expected t o  be in  tension when installed 
on slopes. 

A l l  GCL panels should l ie  f lat on the underlying surface, wi th no wrinkles or folds, especially a t  the 
exposed edges of the  panels. When Bentomat w i th  SuperGroovea i s  repositioned it should be 
gripped inside the  SuperGroove by folding the edge. 

The GCL should no t  be installed i n  standing water or during rainy weather. Only as much GCL shall 
be deployed as can be covered at . the end o f  the working day wi th  soil, a.geomernbrane, or a 
temporary waterproof tarpaulin. The GCL shall not  be le f t  uncovered overnight. I f  the GCL i s  
hydrated when no conf in ing stress i s  present, it may be necessary t o  remove and replace the 
hydrated material. The project engineer and CQA inspector should be consuked for specific 
guidance i f  premature hydration occurs. 

For the convenience of the installer, hash marks are placed approximately every 5' of length 
of  Bentomat. 

c. C J J  
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6.1 I f  required by the project drawings, the end of the GCL rol l  should be placed i n  an anchor trench a t  
the top of a slope. The front edge of the trench should be rounded to  eliminate any sharp corners 
that could cause excessive stress on the GCL. Loose soil should be removed or compacted in to the 
floor of the trench. 

6.2 If a trench i s  used for anchoring the end o f  the GCL, soil backfill should be placed i n  the trench to  
provide resistance against pullout. The size and shape of the trench, as well as the appropriate 
backfill procedures, should be i n  accordance with the project drawings and specifications. Typical 
dimensions are shown i n  Figure 8. 

6.3 The GCL should be placed in the anchor trench such that  it covers the entire trench floor but does 
not  extend up the rear trench wall. 

TYPICAL ANCHOR TRENCH DESIGN 

Compacted Soil Backfi l l  
Rounded Corner \ / 

+,5'c;";... 

runout" anchor'is 
6.4 Sufficient anchorage may alternately be obtained by extending the end ,.;;;.x'+ ofythe GCL rol l  back from .y 

the crest of the slope, and placing cover soil. The len . ,J 5, 
I 

project-specific. 

SEAMING . ,  . 

i . .  
7.1 GCL seams are constr e taken to  ensure 

that  the overlap zon' 
tonite i s  not required for Claymax ZOOR, 600CL. Bentomat ST, SON, or D N  with Sup.ergroove pro- 
vides self-seami,ng (See Figure 9 )  without the 'need for supplemental bentonite. Bentomat CL and 
CLT require bentonite enhanced seams. For pond applications CETCO recommends using supple- 
mental bentonit&in to'ngitudinal seams irregardless of the CETCO GCL being used. 

'by overlapping their adjacent edges., Care shoul 
t contaminated with loose soil or other debris.'Supplemental ben- 

..-.. 
CE- 
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7.2 

7.3 

End-of-panel overlapped seams should overlap 24 inches (600 mm). 

End-of-panel overlapped seams, should be constructed such that they are shingled i n  the directio 
of the grade to  prevent runoff flow from entering the overlap zone. End-of-panel seams on slopes 
are permissible; provided adequate slope stability analysis has been conducted (i.e. the GCL i s  not 
expected to  be i n  tension). Bentonite-enhanced seams are required for Bentomat 
end-of-panel overlapped seams. 

*A c; 

7.4 End-of-panel overlapped seams are constructed first by overlapping the adjacent panels, exposing 
the underlying panel, and then applying a continuous bead or fillet of granular sodium bentonite 
(supplied with the GCL) 12" from the edge of the underlying panel (See Figure 10) starting from 
the end-of-roll. The minimum application rate a t  which the'bentonite i s  applied i s  one quarter 
pound per linear foot (0.4 kg/m). 

7.5 I f  longitudinal bentonite enhanced seams are required, they are constructed first by overlapping 
the adjacent panels by a minimum 6-inches (150 mm), exposing the underlying edge and applying 
a continuous bead of  granular bentonite approximately 3-inches (75 mm) from the edge. The 
minimum application rate for the granular bentonite i s  one quarter pound per linear foot 
(0.4 kg/m). 

. ._. I I  
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SEALING AROUND PENETRATIONS AND STRUCTURES P 
I :  8.1 Cutting the GCL should be performed using a sharp u t i l i t y  knife. Frequent blade changes 

are recommended t o  avoid irregular tearing of the geotexti le components o f  the GCL during 
the cutt ing process. 

The GCL should be sealed around penetrations and structures embedded i n  the subgrade i n  
accordance with Figures 11 through 13. Granular bentonite o r a  bentonite mastic shall be used 
liberally (approx. 2 lbs. /In ft. or 3 kg/m) t o  seal the GCL t o  these structures. 

...- +..+ 

8.2 

&Ti!- 
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Gra nu la  r Bentonite 

Secondary GCL Collar 
1 ft. (300 mm. min. overlap) 

, 

I 

8.3 When the GCL i s  placed over a horizontal pipe penetration, a "notch" should be excavated in to  the 
subgrade around the penetration (Figure l l a ) .  The notch should then be backfilled with granular 
bentonite. A secondary collar o f  GCL should be placed around the penetration as shown i n  Figure 
I l b .  It i s  helpful t o  f irst trace an outline of the penetration on the GCL and then cut a "star" 
pattern in the collar t o  enhance the collar's fit t o  the penetration. Granular bentonite should be 
applied between the primary GCL layer and the secondary GCL collar. 
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8.4 Vertical penetrations are prepared by notching i n t o  the  subgrade as shown i n  Figure 12a. The pene- 
t rat ion can be completed wi th  two separate pieces of GCL as shown i n  Figure 12b. 'Alternatively, a 
secondary collar can be placed as i n  Figure l l a  or l l b .  

ISOMETRIC VIEW OF THE COMPLETED VERTICAL PENETRATION 

8.5 When the  GCL i s  terminated a t  a structure or wall t h a t  i s  embedded in to  the subgrade o n  the 
floor o f  the containment area, the subgrade should be notched as described i n  sections 8.3 and 
8.4. The notch i s  f i l led wi th granular bentonite, and the GCL should be placed over the notch and 
up against the structure (Figure 13). The connection t o  the structure can be the accomplished by 
placement of  soi l  or stone backfi l l  i n  this area. When structures or walls are on or a t  t he  top  of a 
slope, additional detailing may be required. Contact CETCO's Technical Support Services for project 
specific guidance. 
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CROSS-SECTION OF GCL SEAL AGAINST AN EMBEDDED STRUCTURE OR WALL 

. D  b '  

G ra nu la  r Bentonite 
7 

........................................................... ...................... ' ................................. .................. m ......................................... ' / T  kou ndation, ' . f i ;  i i  i j ; ; i ;  i ; i i i i 

W a l l .  
0,' 

; f f ;  i i  i ; ;  i:; i i i ; f i  ;i  f i  i f  i i i ; i f  I : : .:: 

GCL 
. . . .  ............. ... 

DAMAGE REPAIR 

9.1 I f  the. GCL i s  damaged (torn, punctured, perforated, etc.) during installation, it may be possible t o  
repair it by cutt ing a patch t o  fit over the  damaged area (Figure 14). The patch should be cut t o  
size such t h a t  a minimum overlap of 12 inches (300 mm) i s  achieved around a l l  parts of the dam- :;., 4 
aged area. Granular bentonite or bentonite mastic should be .applied around the damaged area 
prior t o  placement of the patch.' It may be necessary t o  use an adhesive such as wood glue to  affix 
the patch i n  place so t ha t  it i s  n o t  displaced during cover placement. Smaller patches also may be 
tucked under  the  damaged area t o  prevent patch movement. 

m . 

..,* 

covered wi th  GCL Patch 

I 

. .  
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COVER SEAL 

10.1 

10.2 

10.3 

10.4 

10.5 

10.6 

The final thickness of soil cover on the GCL varies with the application. A minimum cover layer 
must be at least 1 foot (300 mm) thick to  provide confining stress t o  the GCL and prevent 
damage by equipment, erosion, etc. 

Cover soils should be free of angular stones or other foreign matter that  could damage the GCL. 
Cover soils should be approved by the Engineer with respect t o  particle size, uniformity, and 
chemical compatibility. Consult your CETCO representative i f  cover soils with high concentrations 
of calcium (e.g., limestone, dolomite, gypsum, seashell fmgrnents) are present. 

Recommended cover soils should have a particle size distribution ranging between fines and 1 
inch (25 mm), unless a cushioning geotextile i s  specified. 

Soil cover shall be placed over the GCL using construction equipment that minimizes stresses on 
the GCL. A minimum thickness of 1 foot (300 mm) of cover soi l  should be maintained between 
the equipment tires/tracks and the GCL a t  a l l  times during the covering process. I n  frequently 
high traffic areas or roadways, a minimum thickness of 2 feet (600 mm) i s  required. 

Soil cover should be placed i n  a manner that  prevents the soil from entering the GCL overlap 
zones. Soil cover should be pushed up slopes, not down slopes, t o  minimize tensile forces 
on the GCL. 

When a textured geomembrane i s  installed over the GCL, a temporary geosynthetic covering 
known as a slip sheet or rub sheet should be used t o  minimize friction during placement and t o  
allow the textured geomembrane to  be more easily moved in to  its final position. 

HYDRATION 

11.1 I n  cases where the containment of non-aqueous liquid i s  required, it may be necessary to  hydrate 
the covered GCL with water prior t o  use. Hydration i s  usually accomplished by natural rainfall 
and/or absorption of moisture from soil. 

I f  manual hydration is  necessary, water can be introduced by flooding the covered lined area of 
using a sprinkler system. 

11.2 

_ -  .. . . 
_..-.-.._ 1 -_ 
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SGI Testing Services, LLC (SGf) is pleased to present the attached large-scale 
flow rate test results on Bentomat ST GCL, Bentomat ST GCL seamed with groove and 
no bentonite, and Bentomat ST GCL seamed without groove and bentonite. The note 
section below addresses sample preparation, sample disposal and a disclosure statement. 

SGI@ appreciates the opportunity to provide laboratory testing services to 
CETCO. Should you have any questions regarding the attached document(s), or if you 
require additional information, please do not hesitate to contzct the undersigned. 

. 

18 March 2002 
Mr. Robert Trauger, P.E. 
Colloid Environmental Technologies Co. 
1500 West Shure Drive 
Arlington Heights, IL 60004-1440 

Subject: Laboratory Test Results Transmittal 
Large-Scale Flow Rate Testing 
Unseamed and Seamed Bentomat ST GCLs 

Dear Mr. Trauger, 

Sincerely , 

' Zehong Yuan, Ph.D., P.E. 
Chief Technical Officer 

' Attachment 

Notss: 
(I)  Unku olbmvie noted in the I& results lhc srmpWs)kpecimen(s) were preparcd in accordance with tb applicable tcsl s t d a r d s  or generally acccpitd sampling proccduru. 
(2) CnnlmimleUchemid samplw and all related laboratory g.cnerated wasle (it.. ¶est Liquids. PPE. aborbcnU, SIC.) will bc retuned lo Ihs cknl  or designated 
reprcJefiative(s), a1 the cknl 'r  MSI. within 60 dap fouOwing tbc completion of  lbe testing p r o m  U n l a s  special mangsmcnls for propa dkposal are made wkh S d .  
(I) Malerials that are 001 contaminated will be discarded after lesl spccimcn( and archived spechear rue obtained. Archived spccimm will bc dhcardtd 60 days sfkr the 

'sample3 are received at Ihc laboratory, unlcss long-tmsloragc annngemenls arc s p e c & a  made with the laboralory. 
(4) The reported results apply only IO Ihc materials and lest conditions used m the laboratory lesling program Thc resub do no1 scccssarily apply lo ocher maicrialt or tesi 
couditbru. Tbt test results should not be ured m cngmccring ana)yJb unlas lhc tcsi conditione model tbc anticipated 6eld conditions. The twting w a  performed m sccordnncc 
wilh general cngmccring testing slsodards and requucmcnb. The reported reiults u c  submitted for tk exclusive uso ofthe clicnt IO whom they arc addressed. 

SGI" Testing Services, LLC 
5775 PEACHTREE DUNWOODY ROAD 

SUITE 1 1 D 
ATIANTA, GEORGIA 30342 

PHONE : 404.256.9939 FAX: 404.705.9300 
WEB SITE: W.lNTERACTlONSPEClALlSTS.COM 



COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY 

BENTOMAT ST GCL 
LARGE-SCALE FLOW RATE TESTING 

I.OE-07 - 

Test No. 1: Bentomat ST GCW Compacted Subgrade Soil 

*Hydraulic Pressure = 2 psi 

-0- Hydraulic Pressure = 5 psi 

-c- Hydraulic Pressure = 10 psi 
n rn . “6 1.OE-08 . 
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160 200 

Test No. Diameter of Hydraulic Test Flow Rate at Completion 
Test Specimeo Pressure Duration of Testing 

(m’/m2/s) 
i (in.) (Psi) (hours) 

~ 

1 I 23.5 I 2.0 I 116 I 4.4OE-10 
2 1  23.5 5.0 129 1.37E-09 

I- I 3 I 23.5 I 10.0 I 187 I 3.4 1 E-09 I 
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COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY 

BENTOMAT ST GCL SEAMED WITH GROOVE AND WITHOUT BENTONITE 
LARGE-SCALE FLOW RATE TESTING 

1.OE-09 - 

Test NO. 

1 
2 

Test No. 2: Bentomat ST GCL Seamed with Groove and without 
Bentonitel Compacted Subgrade Soil 

+Hydraulic Pressure = 2 psi 

-0- Hydraulic Pressure = 5 psi 

-0- Hydraulic Pressure = 10 psi 

Hydraulic Test Flow Rate at Completion - 
Pressure Duration of Testing 

(in.) (Psi) @ O W  (m3/m2/s> 

Diameter of 
Test Specimen 

23.5 2.0 125 5.28E-10 
23.5 5.0 215 I .63E-09 

3 23.5 

200 240 80 120 160 0 40 

TIME (hour) 

10.0 182 3.85E-09 

c-2 FIGURE NO 
PROJECT NO. SGI1029 
,DOCUMENT NO SGI02054 
FILE NO 
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Test No 3 Bentomat ST GCL Seamed without Groove and without 
Bentonite/ Compacted Subgrade Sod 
7+- Hydraulic Pressure = 2 psi 
+Hydraulic Pressure = 5 psi 
+Hydraulic Pressure = 10 psi 

i\ 
L 

r r I s I I . , ,  , . , , , , , , , , . , 

Test No 

1 

2 

3 

Flow Rate at Complehon Hydraulic Test Diameter of 
Test Specunen Pressure Durahon of Testmg 

(m 1 ( P 4  @om) (rn’/m2/s) 
23 5 2 0  I39 7.2 1E-IO 
23 5 5 0  197 3.59E-09 

10 0 I70 6 34E-09 23 5 



1 .OE-07 

Test Diameter Hydraulic Bentomat ST GCL Bentomat ST GCL Seamed Bentomat ST GCL Seamed ‘ 
No. of Test Pressure with Groove and No Bentoite without Groove and Bentoite 

Stmimen Duration I FlowRate Duration 1 Flow Rate Duration I FlowRate 

1 .OE-09 

1 
2 
3 

COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY 
LARGE-SCALE FLOW RATE TESTING 

(in.) (psi) (hours) (rn3/m2/s) (hours) ~rn’/m2/s~ @OurS) (m3/m2/s) 
23.5 2.0 116 4.40E-10 125 5.28E-IO 139 7.2 1E-10 
23.5 5.0 129 1.37E-09 215 1.63E-09 197 3.5 9E-09 

23.5 10.0 187 3.41E-09 182 3.85E-09 I70 6.34B-09 

-4- Bentomat ST GCL at 2 psi 
+Bentomat ST GCL at 5 psi 
-0- Bentomat ST GCL at 10 psi 
-+- Bentomat ST GCL Seamed with Groove and No Bentonite at 2 psi 
+ Bentomat ST GCL Seamed with Groove and No Bentonite at 5 psi 
-0- Bentomat ST GCL Seamed with Groove and No Bentonite at 10 psi 
+Bentomat ST GCL Seamed without Groove and Bentonite at 2 psi 
-5- Bentomat ST GCL Seamed without Groove and Bentonite at 5 psi 

Bentomat ST GCL Seamed without Groove aqd Bentonite at 10 psi 

1.OE-10 
0 40 80 120 160 200 240 

TIME (hour) 

Note: 
For each test, the flow rate reported in the above table is the flow rate at the completion of test 
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FIGURE A-1. SCHEMATIC DIAGRAM OF TEST CONFIGURATION 
LARGE-SCALE FLOW RATE TESTING ON GCL SEAMED WITH GROOVE 
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BENTOMAT@ 
THE GCL WITH THE “WINNING EDGETM ” 

Available now and standard on all Bentomat products, the “Winning EdgeTMn is a new overlapped 
seam enhancement system that brings higher levels of performance and convenience to the world’s 
best-selling GCL. The patented SuperGrooveTM eliminates the need for accessory bentonite in the 
overlapped seam. Available only on Bentomat products, the SuperGroove will increase performance 
and decrease GCL installation headaches. 

The SuperGrooveTM 

All Bentomat products have at least one nonwoven needlepunched geotextile. In comparison to 
woven geotextiles, needlepunched nonwovens are thicker and can transmit flow in the plane of the 
geotextile. Planar flow can cause excessive leakage in the overlapped seam of a GCL. The addition 
of granular bentonite within the overlap area can eliminate this preferential flow by sealing the 
nonwoven geotextile, which has been the standard of practice for many years. 

The SuperGroove is a precision cut in the nonwoven geotextile of Bentornat that allows bentonite to 
more freely extrude into the overlap zone (Figure 1). Upon hydration, a seal is formed, eliminating 
the possibility of preferential seam flow (Figure 2). Supplemental bentonite is not required. 
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Figure 1. The SuperGroove on Bentomat. Figure 2. A test overlap showing bentonite 
'stain" on the surface of the woven geotextile, 

indicating extrusion from the non-woven. a 

The SuperGroove ensures that the hydraulic performance of the entire seamed GCL system is equal 
to that of unseamed portions. Added benefits include: 

0 No need for supplemental bentonite 
No concerns over improper seaming technique 
Eliminates labor associated with adding bentonite 
Simplifies CQNCQC procedures 
Eliminates a source of geomembrane seam contamination 

The SuperGroove is located approximately 3 inches (75 mm) inside the outermost limit of the 0 
bentonite clay component of the GCL, about 4 inches (100 mm) outside the first lap line (Figure 3). 
The SuperGroove is placed on both longitudinal edges of the Bentomat product. 

Matchline @ 9: 
(250 mm) from edge \ 

Lap Line at 6" (150 

Matchline @ 9" (250mm) 
from edge 

Super Groove at 4" (100 mm) 
from edge 

Figure 3. Location of the SuperGroove on Bentomat panels. 
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Performance of the SuperGroove seam was evaluated in comparison to a traditional bentonite- 
enhanced seam. Third-party laboratory tests were performed under a variety of head pressures and 
confining pressures. A test at low confining pressure is a "worst-case" scenario because the volume 
of void spaces in the overlap is larger than when a higher confining pressure is applied. Even in low- 
stress conditions, test data shows that the SuperGroove still allowed extrusion to completely seal the 
overlap (Table 1). 

Unseamed Seamed Flux Seam Seam flux 
Flux Flux difference correction (m3/m2/s)** 
( m3/m2/s) (m3/m2/s) (m3/m2/s) factor* 

4.4 x 10-'O 5.28 x IO-" 8.8 x IO-'' 13.7 6.42 x IO-'* 
I .37 x 1 o - ~  I .63 x 1 o - ~  2.6 x lo-'' 13.7 1.90 x lo-" 

Table I. Comparative performance of Bentomat ST with traditional bentonite- 
enhanced seam and with new SuperGrooveTM. 

10 I 3.41 x I 3.85 x  IO-^ I 4.4 x i o 1 O  I 13.7 I 3.21 x IO-"  

'Laboiatory tests are performed with 13.7 times more seam length (per unit area of GCL) than In field seams. 
"Flux difference divided by seam correction factor results in estimated preferential flow per unit area through field seam. 
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Seam flux, % of 
total flux of 
seamed sample 

1.2% 
1.2% 
0.8% 

The test data shows that in all test conditions, there is a very small component of the total flux that is 
attributable to the overlapped seams. Expressed as a percentage of total seam area (3.9% on full- 
size GCL rolls laid in a large area, it can be seen that the percentage of total seam flux is 
proportionally less than the percentage of seamed area. Thus, it can be concluded that SuperGroove 
seams function effectively. 

It should be noted that the SuperGroove does not appear on end-of-roll overlaps. CETCO 
recommends the continued use of supplemental bentonite for all end-of-roll overlaps of Bentomat. 

Bentomat-the GCL with the Winning EdgeTM 

The Winning Edge, featuring the SuperGroove, comes on all orders of Bentomat ST, Bentomat DN, 
Bentomat SDN and Bentomat YSDN. For more information about the Winning Edge, contact your 
local CETCO representative. 
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Does the bentonite fall out of the SuperGroove during handling? No. CETCO's 
production process allows most of the bentonite to remain within the SuperGroove. Even if small 
amounts of bentonite are lost during installation, the resulting void spaces are rapidly filled by swelling 
bentonite particles immediately adjacent to the SuperGroove. 

Will the SuperGroove affect the strength of the Bentomat? No. The narrow groove 
affects a tiny percentage of one geotextile component of Bentomat. The nonwoven geotextile is still 
securely needlepunched on either side of the SuperGroove and therefore does not affect the shear or 
tensile strength of the product. 

Will bentonite extrusion from the SuperGroove leave a void where preferential 
leakage can occur downward through the GCL? No. The bentonite does not leave a large 
void, and the SuperGroove is located only where there is already a double layer of bentonite (in the 
overlap), so there is no possibility of a "short circuit" around or through it. 

How do I know the SuperGroove is really present? The SuperGroove is on the bottom of 
the Bentomat, such that it faces the installer and inspector as the roll is unrolled and installed. The 
SuperGroove is in plain sight throughout the deployment process. Random checks after installation 
can also be included in a CQA plan as needed to document its continuous presence. 

Is the SuperGroove present in the upper geotextile component of Bentomat also? 0 
No. It is only present in the lower geotextile. 

Wow do D specify the Winning Edge? CETCO has modified its GCL specification guidelines to 
include generic language regarding GCL edge treatment. Please visit our GCL engineering website 
for the latest Bentomat specification document. 
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SECTlON I 
INTRODUCTION 

1.1 ,Definitions 

Construction Quality Assurance. For the purposes of this manual, construction quality assurance (CQA) is 
defined as a planned system of activities that provides assurance that installation of the geosynthetic clay liner 

' (GCL) proceeds in accordance with the project design drawings and specifications. In general, these activities 
include continuous inspection of the installation, testing of materials and procedures, and overall 
documentation. 

Construction QualiQ Control. Again, for the purposes of this manual, construction quality control.(CQC) is 
defined as a planned system of activities that provides assurance that the properties of the GCL materials meet 
the requirements of the project specifications. These activities primarily include materials testing and 
documentation. 

There is a great deal of overlap in the nature of CQA and CQC, and from a practical standpoint, CQA and CQC 
activities are often performed by the same party. For this reason, we will use the term CQA to describe all of 
the quality-oriented tasks relating to the GCL and its installation. 

1.2 Scope and Purpose of the CQA Manual 

a, This manual is written to address third-party CQA activities and is not intended as a guide for GCL installati 
Installation guidelines are available separately fi-om CETCO (see Technical References TR-405). This manu 
is also not intended to describe the various manufacturing quality assurance and quality control (MQAMQC) 
activities performed by CETCO at the GCL manufacturing facilities (see Technical Reference No. TR-409). 

. 

The purpose of the CQA Manual is provide the project CQA personnel with a general format for assuring that 
the GCL delivered to the job meets the requirements of the specifications and that this material is installed in 
accordance with the design drawings and specifications. This manual should be modified as necessary by the 
design or CQA engineer in order to account for site-specific or project-specific concerns and conditions. Any 
such changes, however, should be discussed with CETCO before they are introduced into the final version of 
the project CQA plan. 

For the convenience of the CQA personnel, an overall CQA Checklist is provided in Appendix A. This 
checklist or a similar version thereof is designed to be used on a daily basis to document that all CQA activities 
are consistently executed throughout the project. The checklists should be maintained at the job site and should 
be included chronologically in the final CQA documentation package (Section 7). 
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SECTION 2 
@ PERSONNEL QUALIFICATIONS AND RESPONSIBILITIES 

It is vital that all parties involved in the installation of the GCL are in close communication with each other 
throughout the project, and that they fully understand the requirements of the project CQA plan. For the 
purposes of this manual, the qualifications and responsibilities of the various parties are delineated as follows: 

Installing Contractor 
Responsible for installing the GCL. The contractor should appoint an on-site Construction Supervisor to 
coordinate the installation effort and to interact with the other parties on the job site. 

Ideally, the installing contractor should have prior experience in GCL installation and should staff the project 
with certified technicians. In November 1992, the National Institute for Certification in Engineering 
Technologies (NICET) began a program for the certification of installers of geosynthetic materials, including 
GCLs. Certification requires employer recommendations, field experience, and successful completion of 
written examinations. A prospective techmcian may select from several geosynthetics subfields and may pursue 
different levels of certification. It is encouraged that, at a minimum, the on-site supervisor be a NICET-certified 
technician. 

On-Site Engineer 
Usually the design engineer or designee, this person is responsible for general oversight of the installation. 

rovides assurance that construction is performed as designed, although not formally responsible for CQA. e r i m q  contact when the installing contractor is in need of clarification of design issues. Primary contact for 
, dispute/probleG resolution. This person should be a registered professional engineer. 

CQA Engineer 
Charged with CQA for Bentomat installation as well as for any other liner system components. Oversees all 
CQA inspection, testing, and documentation. This person should be a registered professional engineer or a 
NICET-certified geosynthetics installation technician. This person must also be independent of the other parties 
on site. 

-,< 

Manufacturer's Representative 
CETCO may provide on-site start-up assistance, especially those in which the installer has little or no prior 
experience or where unusual site conditions exist. The on-site engineer or installer is responsible for notifjmg 
CETCO of the intended installation schedule such that CETCO may provide timely guidance during the critical 
start-up process. CETCO's substantial GCL installation experience may provide valuable insights to the 
uninitiated engineer and/or installer. 

CETCO also acts as the liaison between the manufacturitig' plaiit and the installer and coordinates the release of 
GCL from the plant in accordance with the installer's schedule. CETCO's on-site involvement is typically 
lessened when it is determined that the installer is sufficiently capable of installing GCL without CETCO's 
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continuous assistance. CETCO remains available throughout the project should questions or problems arise. 

CQA Laboratory 
The GCL conformance tests in this manual are designed to be performed at the job site to facilitate 
response as test results are generated. In some projects where additional testing is required, however, it may be 
necessary to utilize the services of &I off-site laboratory. The on-site engineer should verify that the selected 
laboratory has ample experience in the testing of GCLs and is aware of the general content of the project CQA 
plan as well as its specific testing requirements. The CQA engineer should establish a key contact at the 
laboratory to coordinate sample delivery procedures, confirm testing parameters and methods, and arrange the 
timely reporting of test results. 

It is recommended that a preconstruction meeting be held between the above parties in order to establish 
working relationships with one another and to review the design drawings and specifications prior to 
deployment of the GCL. Thereafter, regular meetings on a daily or weekly basis are recommended as the 
project continues. 
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SECTION 3 
ON-SITE HANDLING 

Product Panel Roll Roll Core Core Pipe Core Pipe Minimum 
Size(m) Diam. Weight Diam. Diameter Length Core Pipe 

(mm) (kg) (mm) (mm) (m) Strength 
Bentomat 4.57 x 610 1,225 100 75-90 5.5 XXH 

45.7 
Claymax 4.21 510 1,130 100 75-90 5.0 

This section describes the procedures and equipment to be used in handling the GCL when it arrives at the job 
site. Proper execution of these procedures will ensure that the GCL is not damaged prior to installation. It 
should be noted that ASTM D 5888 also provides guidelines for GCL handling. The recommendations included 
herein are consistent with all ASTM guidelines. 

CETCO's GCLs are produced in slightly different sizes depending upon the product selected. Weights and 
dimensions of these products and their corresponding core pipe sizes required for safe handling are provided in 
Table 1 below. 

Table I. GCL panel sizes and corresponding core pipe requirements. 

It should be recognized that the weight of the GCL rolls will dictate what type of core pipe will be sufficiently 
strong for unloading and handling activities. Experience has shown that the type of steel from which the pipe 
was produced will influence its ability to sustain the weight of the roll. The strongest steel available should be 
used to prevent pipe bending. A core pipe that deflects more than 75 mm as measured fi-om end to midpoint 
when the roll is lifted can cause damage to the GCL and is not acceptable. The pipes used to unload or deploy 
the GCL must not bend at any time. 

3.1 Unloading Procedures 

The GCL may be delivered to the job site in one of two ways: by flatbed truck or by closed trailedcontainer. 
Regardless of  the delivery method, all unloading activities should take place away from main roadways and 
high-traffic areas at the site. The designated unloading area should be flat, dry, and stable, and should provide 
adequate peripheral access for the unloading equipment. Different techniques for unloading the GCL are used 
accordingly. Using the procedures and equipment described below will minimize unloading time. 

3.1 .I Flatbed Truck Delivery 
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, A fiont-end loader or backhoe is typically used to remove the rolls from the flatbed truck. Starting from the to 

may be slightly bowed upon arrival to the job site. In this case, it may be necessary to assist the core p R rolls on the truck, the core pipe is inserted through the roll core. The core has an inside diameter of 100 mm 

insertion process by using the back of the loader bucket to carefully push the pipe through the core. 

After the core pipe has been inserted, straps or chains are looped around each end of the pipe protruding from 
the roll. The other ends of the chains should be connected to a spreader bar (typically an I-beam) of equal length 
to the core pipe. The spreader bar itself is suspended fiom the loader bucket. The purpose of the spreader bar is 
to prevent the chains from chafing the ends of the roll as it is lifted. It is recommended that the chains or straps 
be secured by the placing a pin through each end of the pipe. The GCL roll should then be lifted and slowly 
carried fiom the flatbed to the temporary storage area. 

I. . 
3.1.2 Trailer or Container Delivery 

: The GCL may also be delivered in closed trailers or shipping containers. In these cases, different unloading 
equipment and techniques must be employed. Because of limited access to the GCL rolls, it is usually necessary 
to utilize an extendable-boom forklift with a "stinger" attachment. The forklift dealer or manufacturer can 
provide details on selecting the proper stinger for the type of forklift used at the job site. 

- 

: 

-- The rolls are placed inside the trailer or container in the same way that they are positioned on a flatbed truck. 
The rolls are removed by inserting the stinger through the roll cores and lifiing/pulling the rolls from the 
trailerkontainer. 

3.2 Materials Handling 

The equipment used to unload the GCL fiom the delivery vehicle may also be used to.handle the material on site 
and to convey it to work areas. All unloading and handling activities must be undertaken with great care to 
avoid damage to the GCL. The GCL should never be handled in ways that could affect its performance. Some 

. activities to avoid: 

. Dropping the rolls from the edge of the delivery truck or container. 

*. Pushing or pulling the rolls on the ground surface. 

Lifting the roll without a core pipe. 

Bending the rolls by using a core pipe that cannot bear the weight of the roll. 

Forcing a bent. core pipe through the core. 

Carrying the GCL over excessively rutted, bumpy terrain, causing the roll to bend and bounce in transit. 

Adherence to these common-sense precautions will prevent handling-related damage to the Bentomat. 
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The CQA engineer or designee should supervise the unloading and storage operations. It is the duty of the CQA 
engineer to maintain records of the shipments and to verify that the roll numbers on the labels match the roll 
numbers on the bills of lading. Any apparent discrepancies should be noted and reported to CETCO. 

At this time, all of the rolls should also be visually inspected for damage. Damaged rolls should be clearly 
marked and set aside where they will not be immediately used. Major damage suspected to have occurred 
during shipment should immediately be reported to the carrier and to CETCO (see Section 4.8.1). 

3.3 On-Site Storage 

The GCL may be stored at a project site indefinitely, provided that proper storage procedures are followed. 
First, a dedicated storage area should be identified. This area should be level, dry, well drained, and located 
away f?om high-traffic areas of the job site. 

For reasons of safety and material integrity, GCL rolls must never be stored on end. Rolls should be stored 
horizontally, in small stacks not to exceed four to five rolls in height. It is preferred that the bottom rolls be 
placed on plywood, on an arrangement of pallets, or on some other man-made surface, to promote drainage and 
to prevent damage by contact with the ground surface. If the rolls are to be placed directly on the ground, the 
local ground surface should be carefully prepared and proof-rolled to minimize the potential for damage. It is 
good practice to cover the stored rolls with a tarpaulin or plastic sheeting for supplemental protection fiom the 
elements. 

The polyethylene sleeves of the GCL rolls should be examined for any obvious rips or tears. Sleeve damage 
should be repaired immediately with adhesive tape or additional plastic sheeting. At this time it is also 
recommended that the labels be examined and taped to the roll if they were displaced in transit. 

a 
- 
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SE,CTION 4 
I NSTALLATI ON 

This section of the CETCO GCL CQA Manual covers the techniques and procedures to be used for ensuring the 
quality of a GCL installation. Although some installation techtuques are described, this section is not an 
installation guide. Refer instead to CETCO GCL Technical Reference TR-405 for specific GCL installation 
guidelines. . ASTM D 6 102 also contains sound GCL installation guidelines. 

4.1 Start-up Assistance 

CETCO or its representatives can provide on-site start-up assistance, especially where the installer has little or 
no prior GCL installation experience or in which the application is relatively unique. CETCO will work with 
the on-site engineer and CQA engineer in order to verify that the proper unloading, installation hnd conformance 
testing procedures are utilized. CETCO's input is based on extensive experience with GCL installation and on 
intimate knowledge of the physical characteristics of GCLs. It should be recognized, however, .that it is the site 
engineer's responsibility to implement CETCO's recommendations. 

4.2 Equipment 

In many projects, the equipment used for unloading the GCL can also be used to install it. Most applications 
require a vehicle to lift and suspend the roll as it is deployed. Front-end loaders, bulldozers, boom cranes, 
forklifts, and tracked excavators all have been successfully used for this task. 
equipment exists for these operations and may also be used. The equipment for unrolling the GCL should 
able to lift the roll and suspend it freely such that it does not chafe against the vehicle or the ground. The 
vehicle must also have the ability to accommodate a spreader bar above the roll of GCL. 

The spreader bar should be sufficiently strong to bear the full weight of the GCL roll without bending. Readily 
available I-beams or T-beams made of structural steel are typically used for this purpose, although steel pipes 
have also been successfully used. The chains or straps should be checked for their strength before the 
installation is begun and should continually be inspected for wear as the installation continues. 

Other, more specializ Y 

The core pipe should be of the dimensions and strength indicated in Table 1. It has been CETCO's experience 
that the schedule of the core pipe is not always an accurate indicator of its strength. The type of steel from 
which the pipe is made, the presence of a longitudinal weld, and the overall length of the pipe all have an 
influence on its ability to sustain the weight of the GCL. It is essential that the core pipe does not bend when the 
full roll of GCL is suspended from it. Lastly, it is recommended that the core pipe have a means to prevent the 
chains or straps fiom slipping off the ends of the pipe. This can be accomplished by using pins or clamps. 

It will often be necessary to cut the GCL before the end of the roll or to cut it to fit in certain confined areas. 
Cutting the GCL requires a sharp utility knife. It is very important to maintain the sharpness of the knife blades 
used for cutting the GCL, in order to prevent tearing its geosynthetic components and.damaging the GCL where 
the cut is made. Frequent blade changes for the utility knives are strongly recommended. 
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. .  

For construction of the bentonite enhanced overlapped seams of the Bentomat products, an acceptable fillet of 
bentonite can be poured directly fiom the bags of granular bentonite supplied with each roll of Bentomat, but a 
watering can (without a sprinkler head) is easier to use and produces a more controlled seam enhancement. A 
line chalker, such as those used for marking athletic fields, may also be used. 

4.3 Field Conditions 

At the beginning of each working day, the CQA engineer should confirm that there are no ambient site 
conditions, which could affect the quality of the installation. Specifically, the presence at the job site of 
excessively high winds, rain, standing water, or snow may be construed as unsuitable weather for GCL 
installation. There are no temperature restrictions for installing the GCL, however. 

Bentomat is not as susceptible as Claymax to damage due to ''premature hydration" (ie., hydration before a 
confining stress is applied). Although Bentomat will not delaminate when wetted, CETCO nevertheless 
recommends that it be installed in dry weather as with Claymax. This lessens the potential for damage to the 
material and ensures that its integrity is not compromised by the swelling of the bentonite. Should the GCL 
become prematurely hydrated, it urged that CETCO be contacted in order to recommend a project-specific and 
product-specific recommendation as to whether the GCL must be removed and replaced. 

' 

4.4 ..: Site.Jnspection ' 1 .c 

Prior.to each.day's installation activities, the site engineer and/or CQA engineer should inspect the workarea to 
ensure that it:has been prepared in accordance with the specification and design drawings. Specifically, the 
design grades., should be verified, the slope length and steepness should. be checked, the anchor trench 
dimensions s3ould be measured, and the subgrade should be inspected and approved. Any deviations fiom the 
specifications or design drawings should be noted and rectified before the GCL is installed. 

. .I. 

~,..". . '  

The anchor trench is especially important in applications where slopes are present. The anchor trench must 
meet or exceed the design dimensions but must also be free of any sharp comers or protrusions which could put 
excessive stress on the GCL. The CQA engineer must ensure that the anchor trench is as carefully prepared as 
the rest of the subgrade. 

4.5 Panel Placement 

The unrolling and placement of the GCL s,~ould be performed in such a way that the GCL is not damaged or 
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unduly stretched, folded, or creased. The GCL rolls are typically suspended from the fi-ont of the vehicle while 
it travels backwards along the intended path of placement. During this activity, the roll should be able to rot 
freely around the core pipe. Excessive friction due to a bent or large-diameter core pipe, or due to con 
between the roll and the deployment equipment, may cause undesirable levels of tension to develop. It is 
necessary that the GCL be deployed in a fully relaxed (but not wrinkled) state. 

A common deployment technique when the GCL is placed on slopes is to suspend the roll at the top of the slope 
while several laborers unroll it as they walk downslope. Th~s  is an acceptable technique, but the CQA engineer 
should verify that excessive tension does not develop on the material and that the underside of the panel is not 
damaged by fiiction with the subgrade. Unless the subgrade is acceptably smooth, the GCL should be unrolled 
over an already-placed panel and then moved laterally into its correct position. Flat-bladed vise grips are very 
useful for handling and moving unrolled panels. 

It is important to ensure that, at the top of a slope, the GCL is properly placed in the anchor trench. After 
confirming thatthe trench has been constructed according to the specifications, the GCL should be placed in the 
trench such that it extends across the trench floor but not up the rear wall of the trench. Excess material if any, 
should be cut off, not folded over on top of the existing material. Proper anchorage will be achieved if and only 
if the GCL is placed within the trench in this manner. 

The orientation of the GCL panels is important. When working in sloping areas, the panels should be 
positioned such that their long dimension is parallel to the direction of the slope. Panels may only be placed 
across the slope when the slope is less steep than 4H:lV or when the slope length is very short (less than or 
equal to 3 m). 

.4.6 Seaming 

Proper field seaming is vital for the liner to function to its maximum abilities. There are three elements of CQA 
for this important task: 

Verification of the minimum acceptable overlap. 

Verification of the continuity of the accessory bentonite (Bentomat only). 

Verification. that there is no dirt in the overlap zone or on the bottom geotextile of the overlying GCL panel. 

These elements for field seam CQA are straightforward and require only visual inspection by the CQA engineer. 
The upper surface of the GCL has two heavy dashed lines on both sides of the panel. The lap lines are 150 mm 
from the edges of the panel, and the match lines are 250 mm from the edges of the panel. The minimum 
acceptable overlap is 150 mm. Thus, the installer's objective is to place the overlying panel between the two 
lines of the underlying panel. The CQA engineer needs only to visually verify that the 150-mm lap line of the 
underlying panel is not visible. A properly executed seam, therefore, is verified when three dashed lines (not 
four) are visible at the overlap, as shown in Figure 1 .  
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I - 

- BENTONITE BEAD 

Figure I .  Schematic representation of a properly executed Bentomat field seam. 

The hydraulic performance of Bentomat is maximized when the accessory bentonite is placed continuousZy 
within the overlap zone. Continuity is best achieved when a watering can or other similar device is used. 
Pouring the bentonite directly from the bag is less effective in this regard. Verification of continuity should be 
performed visually by the CQA engineer. The CQA engineer should observe the accessory bentonite as it is 
being placed within the overlap zone and should give verbal approval of the seam before the overlap is flipped 
back into place. 

Verification of the cleanliness of the overlap is also required, because dirt can enter the overlap and create a 
.conduit for excessive lateral leakage. This is one reason CETCO recommends that the overlying panel is placed 

and then its edge flipped back to reveal the overlap zone. Exposing the overlap in this manner forces extra 
attention on the seam and reveals the presence of loose dirt that may have inadvertently entered the overlap zone 
or mayhave become adhered to the bottom geotextile of the overlying panel. The CQA engineer should either 
verify that no dirt is present or ensure that the dirt is swept out of the overlap. 

Verification of the amount of bentonite placed at the seam may be achieved by ensuring that one full 22.5 kg 
bag of granular bentonite is used for the lateral and longitudinal seaming of each roll of GCL. CETCO 
recommends that a minimum of 375 grams of granular bentonite be applied per lineal meter of seam. If the 
installer places bentonite at the rate of one bag per roll, this target application rate will be achieved. 

As stated above, the longitudinal overlap for the GCL should be at least 150 mm. Overlaps at the ends of the 
rolls, however, ("transverse" overlaps) should be at least 0.5 m to account for any incidental loss of bentonite 
that could occur due to excessive handling of this portion of the roll or to stress relaxation after placement. 
Overlap distances can always be increased if unusual site conditions such as a soft subgrade exist. 

4.7 Detail Work 

The term "detail work'' refers to the placement of GCL around structures such as vertical walls, gas vents, 
drainage basins, and pipe penetrations. In all of these cases, it is necessary to utilize granular bentonite or a 
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bentonite mastic to create a seal between the GCL and the structure. CQA of these areas involves a visual 
inspection of the methods used to make the seal. Specific items requiring inspection include: 

Dimensions of the "notch" excavated around the structure. 

Amount of bentonite applied to the detail 

Condition of the GCL at its cut edge (the cut should be clean, not frayed, with little or no bentonite edge loss 
fiom the GCL) 

. . Integrity of the detail as cover material is placed over and around it. 

When cutting the GCL, it is important to ensure that the cut is made where the GCL hangs fiom the roll or 
where it rests on the subgrade . The GCL cut should never be made on the roll itself or when it rests on any 
other liner system component. 

. 

4.8 Damage and Damage Repair 

Even when all reasonable protective measures are taken, the GCL may still become damaged during shipping 
and handling or during installation. This section provides instructions on assessing and managing the damaged 
materials. 

4.8.1 Damage From Shipping and Handling 

Occasionally, a GCL roll will arrive at a job site with its protective plastic sleeve torn due to movement du 
transit. This roll should be inspected for damage in the area where the sleeve was torn. If the geotextile under 
the torn sleeve is also torn, The outermost wrap of GCL on the roll should be unwound and discarded when the 
roll is installed. It is not necessary to consider the entire roll unusable. It is important, however, to mark the roll 
in order to alert the installer that the initial wrap should be cut away and discarded, because the damaged 
geotextile may be hidden fi-om view when the GCL is unrolled. It is remotely possible that further layers of 
GCL on the roll could be similarly damaged. If this happens, additional wraps may be unrolled and discarded 
prior to placement. 

Damage due to poor handling may occur as a result of accidentally dropping a suspended roll onto the ground or 
using weak core pipes that bend when the GCL is lifted. These activities can cause damage not just to the outer 
wrap of GCL but to the entire roll. If such damage occurs, the rolls should be clearly marked and moved away 
fiom the storage area. The CQA engineer should ensure that procedures are immediately implemented in order 
to prevent the recurrence of this problem. The CQA engineer should also contact CETCO to help make a 
determination as to whether the mishandled GCL is acceptable for use on the project, 

.4 

_. - 

4.8.2 Damage From Installation Activities 

The more commonly observed incidents of damage occur during installation, as a result of inadvertent contact 
by heavy equipment. Because this type of damage will potentially have the largest overall effect on the integrity 
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of the liner system, CETCO strongly recommends that equipment operating on or near the GCL be monitored . continuously. 

Equipment operators should be made fully aware of the importance of their actions and should be encouraged to 
notify the CQA engineer directly if they suspect at any time that the liner may have become damaged by their 
equipment. Close communication among everyone involved in the installation will help to ensure that this type 
of damage is reported and repaired. 

~ 

Repeated passes by loaded dump trucks over GCL, which has minimal cover, can cause damage. It is therefore 
preferred to prevent potential for such damage by placing the GCL over these high-traffic areas after cover 
material delivery is largely completed. If this is not possible, then extra cover should be placed over high-traffic 
areas. At least 600-900 mm of screened, cohesive soil is recommended. 

Should damage occur to the already-installed GCL, the following procedures should be followed: 

1. Remove equipment fiom the damaged area and notify the CQA engineer. 

2. Manually clean away all cover material within a 600-mm radius of the damaged area. Use a broom to 
sweep away the remaining dirt in order to make the area as clean as possible. 

If necessary, repair the subgrade to its original conditions. Replace the toddamaged GCL as closely as 
possible to its original position. 

3. 

Place a bead of granular bentonite or bentonite paste at the minimum rate of 500 g per lineal meter a4* 1 .  around the damaged area. 

5 .  .. Cut a patch of new GCL to fit over the damaged area and extending 600 mni beyond it. 
-Y ,.- . 

- 3  

6 .  ’ -Place the patch over the damaged area and carefully backfill over the patch. 

Note that it is necessary only to repair the damaged portion of the GCL. It is usually not necessary to remove 
and replace the entire panel, unless the damage has occurred on a slope. Ln this case, slope stability may be 
compromised and the site engineer should be contacted to help determine whether a repair is acceptable. 

SECTION 5 
PLACEMENT OF COVER MATERIALS 

As mentioned previously, the proper placement of cover on the GCL is crucial to the overall success of the 
installation. This section of the Bentoniat CQA manual includes recommended materials and procedures, which 
will help to ensure that the integrity of the GCL is not compromised when it is covered. 
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Regardless of the nature of the cover material used, it should be placed as soon as possible after the GCL 

that only as much GCL as can be covered should be deployed in one working day. This will prevent 
been deployed. The efforts of placing the GCL and placing the final cover should be coordinated to the ex 

hydration and will greatly reduce the chances for incidental damage to the GCL during other activities. 

5.1 SoillStone Cover 

When a GCL is the sole liner system component, soil or stone cover must be placed over it to provide protection 
fiom physical damage, erosional forces, and degradation by UV light. The presence of cover also provides a 
confining stress, which allows the overlapped seam to perform properly and enhances the long-term physical 
integrity of the material. Lastly, the cover may provide a base for vehicular traffic. Because it serves so many 
functions, proper placement and CQA of the soil/stone cover is essential. 

Frequently used cover materials include sand, gravel, crushed stone, and common earth fill. Regardless of the 
. type of material selected for the cover, it should be ftee of large stones (greater than 50 mm in diameter), sticks, 

and any other materials, which could cause puncture or tearing. The source of all cover material should be 
identified in order to ascertain its suitability well in advance of the installation. 

In addition to particle size, the angularity of a crushed stone or gravel will impact the construction survivability 
of the GCL. It is preferred that relatively rounded materials be utilized. If these materials are not available, then 
extra caution must be taken during cover placement. Dumping the cover from a loader bucket positioned high 
above the GCL is unacceptable. The cover should be gently placed from as low a height as possible. Vehicular 
traffic should also be restricted if particularly angular or abrasive material is used. If there is some doubt as 
the suitability of a potential cover material, a representative sample should be submitted to CETCO for analys 

With respect to the equipment used to place the protective cover, it is strongly recommended that no heavy 
equipment come in direct contact with the GCL. Obviously, tracked equipment will damage the liner. In some 
cases, however it is necessary to drive equipment directly on the GCL. This can be accomplished with low- 
pressure, rubber-tired equipment. Permission to do so will be granted by CETCO through the CQA engineer on 
a case-by-case basis on& and will include restrictions on the equipment itself and on the type of movements the 
vehicle may make on the GCL. 

The chemical nature of the cover soil must also be considered. The use of fine-grained, calcareous soil or stone 
is strongly discouraged due to the potential for an adverse reaction with the sodium bentonite contained in the 
GCL. 

The cqver material placed as backfill in the anchor trench should be of the same quality as the rest of the 
backfill. It is especially important that the anchor trench backfill be compacted either by hand tamping or by the 
use of a small walk-behind compactor. Compaction should be performed over each 150-mm lift of backfill 
placed in the anchor trench. 

5.2 Geosynthetic Cover 
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. .  . .  

A geomembrane or other geosynthetic liner system component is often placed over the GCL. Caution must be 
used during this activity to prevent GCL damage. Again, it is strongly recommended that no heavy equipment 
directly contact the GCL, but exceptions can be made on a project-specific basis. 

A special precaution should be taken when textured geomembrane is installed directly over the GCL in a 
composite liner system. Because considerable fixtion may develop between the geomembrane and the GCL, it 
is difficult to pull the geomembrane into position for welding to adjacent sheets. A smooth "slip sheet" should 
be used to provide a low-fi-iction sliding surface for the geomembrane until it is in position for welding. 
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. .  

SECTION 6 
CONFORMANCE TESTING 

Conformance testing is necessary in order to verify that the materials installed meet the requirements set forth in 
the specification. Although CETCO performs regular testing on its GCLs as part of its manufacturing QNQC 
program, the engineer may require additional testing at the job site. This section lists several tests, which may 
be utilized to verify the quality of the delivered materials and the quality of the installation of those materials. 

;e 6.1 Bentonite Mass Per Unit Area 

A relatively simple test to verify that the specified amount of bentonite has been encapsulated in the GCL is to 
measure the bentonite mass per unit area of representative samples cut from delivered rolls. The results of this 
test may be used in conjunction with the results of the bentonite swell test described in Section 6.2 to arrive at 
an indirect verification of the hydraulic performance of the GCL. 

,,. 

ASTM D 5993 provides procedures for performing the mass per unit area test. After the correction for 
geotextile mass is made, there should be at least 3,600 g of bentonite contained within the GCL per square 
meter. This is CETCO's minimum average roll value (MARV) for bentonite content of all of its GCLs. These 
values are always subject to change, so please refer to GCL Technical Reference No. TR-404 for the most recent 
list of certified physical GCL properties. 

If for any reason the resulting mass per unit area values do not meet the required MARVs, the corresponding 
rolls should be set-aside for additional inspection and testing. CETCO should be notified to assist in 
the problem if it persists. 

6.2 Bentonite Swell Index and Fluid Loss 

The swell capacity and fluid loss of the bentonite are two of the most important indicators of its ability to 
h c t i o n  as a barrier material. ASTM D 5890 provides a detailed free swell testing procedure used by CETCO. 
CETCO's MARV requirement for the bentonite is 24 m,L/2g. ASTM D5891 provides a detailed fluid loss 
testing procedure. CETCO's maximum requirement for fluid loss of the bentonite is 18 ml. As with the mass 
per unit area test described in Section 6.1, if these values are not achieved in conformance testing, the 
corresponding rolls should be set aside for additional inspection and testing. CETCO should be notified to 
assist in resolving the problem if it persists. 

6.3 Other Conformance Tests 

Other conformance tests may be conducted at the request of the on-site engineer or the CQA engineer on a 
project specific basis. ASTM D6495 suggests grab tensile strength and index flux/permeability (as per ASTM 
D 5887), although it should be cautioned that rapid "real-time" results of index flux/permeability are not 
possible due to the time required to achieve steady-state permeability values. Thus, it is difficult to use 
permeability testing as a pass/fail criterion for GCL acceptance at the job site. 
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Also, the laminated GCLs are not easily tested for index flwdpermeability due to .potential sidewall leakage 
around the membrane. CETCO has a special setup procedure for its laminated GCLs in TR-302. 

Lastly, it should be recognized that field-scale test pads and infiltrometer tests are typically not performed in 
GCL projects. This contrasts with compacted clay liner (CCL) projects, in which, for two reasons, field-scale 
data is almost always required. First, field data for CCL projects is necessary because there are many variables 
involved in their construction (compactor weight, speed, number of passes; soil type; moisture content; lift 
thickness; etc.). It is therefore necessary to build a test pad to ensure that the construction materials and 
methods intended for the project will provide the required level of performance. Second, laboratory test results 
and field test results may vary significantly with CCLs due to the difficulties in retrieving representative, 
undisturbed samples. This factor also warrants that field data be obtained for CCL projects. 

With GCL installations, however, there are very few construction-related variables. Additionally, the GCL that 
is tested for permeability in the laboratory is the same material deployed in the field. For this reason, a GCL 
such as Bentomat or Claymax does not require a field permeability test. 
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SECTION 7 
DOCUMENTATION 

Thorough documentation of all CQA activities and tests is necessary in order to provide a written record that the 
GCL has been properly installed. The CQA documentation package for a GCL installation should include the 
following items: 

Bills of lading and corresponding packing list confirming receipt of all GCL installed at the site. 

A panel layout drawing in which the GCL roll numbers are keyed to their location in the field. Locations 
where damage was encountered and repaired should also be marked. 

The roll numbers from which samples were taken for conformance tests, along with the results of those tests. 

A daily report or diary of the activities undertaken at the site during construction. 
.-. 

Certification that the requirements for the subgrade and for the cover material were achieved. 

A compilation of all CQA checklists completed during the installation. 

The manufacturing quality control (MQC) certification and.accompanying test data. 

A description of deviations, if any, made to the original CQA plan during the installation. 

.. . 
CETCO provides the MQC certification. All other items on the above list are the responsibility of the CQA 
engineer. 

Photographs of the GCL during installation. 
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APPENDIX A 
List of Applicable ASTM Standards 

ASTM D 5887, “Standard Test Method for Measurement of the Index Flux Through Saturated Geosynthetic 
Clay Liner Specimens Using a Flexible Wall Permeameter,” Annual Book of ASTM Standards, VoZ. 4.09, 
American Society for Testing and Materials, W. Conshohocken, PA. 

This method describes the specimen preparation, stress and gradient conditions, and testing procedures to be 
used for determining the flux (flow per unit area) through GCLs. Adherence to the specimen preparation 
procedures presented will help to minimize sidewall leakage, a common problem when testing thin barriers. 
This is an index test designed to’determine product acceptability and uses a maximum confining stress of 35 kPa 
(5 psi) and a hydraulic gradient of 14 kPa (2 psi). 

’ 

ASTM D 5888, “Standard Guide for Storage and Handling of Geosynthetic Clay Liners,” Annual Book of 
ASTM Standards, VoZ. 4.09, American Society for Testing and Materials, W. Conshohocken, PA. 

This is a guide for the safe handling of GCL rolls at a job site, identifjmg the equipment and techniques 
typically employed to unload the material fiom delivery trucks and to place it in a dedicated storage area. 
Procedures are also presented for proper storage of the GCL in order to minimize the potential for product 
damage while in storage. 

ASTM-D 5889, “Standard Practice for Quality Control of Geosynthetic Clay Liners,” Annual Book of ASTM 

@ Test methods and testing Erequencies are presented for manufacturing quality control (MQC) of GCLs. This 
standard practice includes conformance tests to be performed on the GCL components (bentonite and geotextiles 
and/or geornembranes) as well as tests to be performed on the finished GCL product. Special procedures for 
GCL permeability/flux testing require the manufacturer to provide an historical database to demonstrate the 
consistency of the hydraulic performance of the finished product and to justify the reduced need for fiequent 
MQA permeability testing. 

Standards, Vol. 4.09, American Society for Testing and Materials, W. Conshohocken, PA. 

ASTM D 5890, “Standard Test Method for Swell Index Measurement of Clay Mineral Component of 
Geosynthetic Clay Liners,” Annual Book of ASTM Standards, Vol. 4.09, American Society for Testing and 
Materials, W. Conshohocken, PA. 

This test method was adapted Erom the basic elements of a swell test presented in the USP/NF (United States 
PharmacopeiaNational Formulary). Two grams of dried and powdered bentonite are slowly 
dropped into a graduate cylinder containing 100 mL of distilled water. The swell value in mL is recorded after 
24 hours, by reading the value on the graduate cylinder at the clay/water interface. 
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APPENDIX A (continued) 
List of Applicable ASTM Standards 

ASTM D 5891, “Standard Test Method for Measurement of Fluid Loss of Clay Mineral Component of 
Geosynthetic Clay Liners,” Annual Book of ASTM Standards, Vol. 4.09, American Society for Testing and 
Materials, W. Conshohocken, PA. 

This test method was adapted from the API (American Petroleum Institute) Procedure 13N13B for bentonite. A 
bentonite slurry is created, aged, and then filtered in a pressurized cell. The amount of water passing through the 
filter cake in a specified time interval is recorded as the filtrate loss or fluid loss. The test indicates the clay’s 
general ability to function as a barrier to liquids. 

.-- 

ASTM D 5993, “Standard Test Method for Measuring the Mass per Unit Area of Geosynthetic Clay Liners,” 
Annual Book of ASTM Standards, Vol. 4.09, American Society for Testing and Materials, W. 
Conshohocken, PA. 

This test method describes how to measure the bentonite mass per unit area of a GCL sample. A GCL specimen 
of a certain minimum area is weighed, oven-dried, and weighed again. The dry weight of the specimen, minus 
the nominal weight of the geosynthetic component(s), is then divided by the area of the specimen. The moisture 
content of the specimen is determined by subtracting the dry weight fiom the wet weight. 

ASTM D 6072, “Standard Guide for Obtaining Samples of Geosynthetic Clay Liners,” Annual Book ofASTM 
Stundards, Vol. 4.09, American Society for Testing and Materials, W..Conshohocken, PA. 

Presents procedures for obtaining representative samples of GCL material for laboratory testing purposes. Th Qb 
samples may be obtained either at the factory or in the field. Procedures for packaging and protecting the 
sample are also included to prevent the possibility of damage in transit to the laboratory. 

ASTM D 6102, “Standard Guide for Installation of Geosynthetic Clay Liners,” Annual Book of ASTM 
Stundards, Vol. 4.09, American Society for Testing and Materials, W. Conshohocken, PA. 

Provides detailed recommendations for the proper installation of GCLs. Discusses the necessary site conditions, 
equipment, and techniques for installing GCLs without damaging them. Includes recommendations on panel 
placement, overlaps, and special considerations for slopes. Also discusses the preferred types-of soil cover and 
equipment used to apply this cover. c 

ASTM D 6495, “Standard Guide for Acceptance Testing Requirements for Geosynthetic Clay Liners”, Annual 
Book of ASTMStandards, Vol. 4.09, American Society for Testing and Materials, W. Conshohocken, PA 

Provides guidelines for acceptance testing requirements for ‘GCLs, including test methods and verifications. 
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INSTALLATION EQULPMENT 

Core pipe straight 
Spreader bar straight 
Chains/S traps inspected 
Knife blades replaced i Seaming clay supply available 

CONFORMANCE TESTING 

Bentonite MasdArea: 

Bentomat Bentonite Pass/ . 
Roll No. (a/sml . Fail? 

NOTE: 

Bentonite Swell: 

4 Bentomat Final Swell Pass/ 
Roll No. Value ( m U 2 d  Fail? 

NOTES/OBSERVATIONS I 
This checklist is intended to serve as a guideline for the CQA engineer, to use in the development of a project- 
specific or company-specific CQA plan. The checklist is not all-inclusive. The items presented in this list are 
those that CETCO feels are the most important for the proper installation of Bentomat. 
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LLDPE GEOMEMBRANE LINER 

Present Landfill 

Submittal Information 

Accelerated Action Construction Project 

Rocky Flats Technology 

August 12,2004 

Site 



Ghrd & w h y  
Construction, 

I nc 

July 12, 2004 

SM Stoller 
Attn: ,Jim Erickson 
Phone: 303-546-435 1 
Fax: 303-443-1408 

RE: WETS Landfdl - Paper Submittal - #1.07-12-04 

Jim: 

Attached is the requested paper submittal (7 sets), pertaining to the following 
geosynthetic material (02225 - 60 Mil LLDPE Geomembrane Liner - GSE). 

Also, included in this submittal package is information pertaining to the geosynthetic 
welding equipment that Colorado Lining intends to use on this project. PWT 
manufactures the “ Wedge-It” used for LLDPE material seaming, the “Mini- Wedge” used 
for welding the geotextile component of the GDN, the “Accura-Lite” tensiometer used 
for field testing of LLDPE geomembrane seam strength, the “Triac S” hand held welder 
used for adhering LLDPE patches to the damaged LLDPE geomembrane and various 
other uses, the “MA-40-D, MA-60-D, X3-EX” extruders used for sealing patches and 
other detail work involving extrusion welded seaming. The “V-Plate” vacuum box 
manufactured by DEMTECH will be used for non-destructive seam and patch testing. 

Once the 60 Mil LLDPE material in this paper submittal is approved, Colorado Lining 
Construction (CLC) will send sample materials to TRI testing laboratory for section 
02210 - Geosynthetics Interface Testing. Upon completion of final project design and 
approved Geosynthetics Interface Testing results, Colorado Lining Construction will 
issue panel layouts, CLC installation QNQC manual, and all other required submittal 
information pertinent to our scope of work. 

Please let me know ifany other paper submittal information is required. Also, please 
inform me as soon as the paper submittal is approved and fmal design materials are 
selected for Geosynthetic Interface Testing. 

Regards, 

Dan E. Lahr 
Senior Estimator 



13 July 2004 

Dan Lahr 
Colorado Lining. 
I062 Singing Hills Road 
Parker. CO 80 138 

Re: Rocky Flats Present Closure 
GSEProject No. 515122 

The undersigned, heins qualified and authorized to do so: hereby certifies that standard GSE 60 
mil averagzDouble-sided Texture LLDPE geomembrane and the GSE 60 ini l  average Smoo tti 
LLDPE will meet or exceed the following s p e c k d  property values and/or conditions: 

o 

o 

o 

GSE. LLDPE will meet a Density value of 2 0 9 I 5 g/cc for resin slid :I density value o f 2  
0.920 g/cc for geonienibrane per A S T M  D 1505. 
GSE LLDPE will meet a Melt Indes vafue < I  .O d l 0  minutes per ASTM D1238. 
GSE LLDPE will meet an Osidation Induction Time value of 2 100 minutes per ASTM 
D3895. 

Regards, 

k 

J irnr r iy Y UUI I@ ucrd 
GSE 'Techiucal Support Specialist 



L 

19 103 Gundle Road 
Houston, Texas 77073 
800-435-2008 
281-443-8564 
Fax: 28 1-230-8650 

July 31,2003 

Dan Lahr 
Colorado Lining Co. 
1062 Singing Hills Road 
Parker, CO 80138 

CERTIFICATION 

This is to certify that Colorado Lining Co. is an approved and authorized Dealer and 
installer of GSE products. As an authorized Dealer of GSE, Colorado Lining Co. has 
been provided with a copy of GSE’s proprietary product manual containing the data 
sheets of all GSE’s products, and the GSE Field Installation quality assurance manual. 
As an authorized Dealer of GSE, Colorado Lining Co. has access to GSE’s Technical 
Department representatives who can respond to questions on specifications and 
installation techniques. Individual employees of authorized GSE Dealer may have 
participated in training programs sponsored by GSE at its headquarters in Houston, 
Texas. 

a 

Regards, 

David Leggett 
V.P., Dealer Sales 

DL:cdb 

Corparate Headquarters CSE lining bchnolog~ .  Inc 19103 Gundle Rood Hwrton, I s m  77073 - 80045-2008 281.4434164 Fox: 281.230.8650 

A GundlaAll Fn~rMmenlol, Inc Cornpony 
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a .  

Density, g/cmJ 

Tensile Properties (each direction)' 

Strength at Break, Itdin-width (Nmm) 

Elongation at Break, YO 

GSE UltraFlex Textured i s  the coextruded textured version of GSE UltraFlex. It is a high quality, linear low density poly- 
ethylene (LLDPE) geornembrane with one or two coextruded, textured surfaces, and consisting of approximately 97.5% 
polyethylene, 2.5% carbon black and trace amounts of antioxidants and heat stabilizers; no other additives, fillers or 
extenders are used. The resin used i s  a specially formulated, proprietary virgin polyethylene and is designed specifically 
for flexible geomembrane applications. GSE UltraFlex Textured has excellent resistance to UV radiation and i s  suitable 
for exposed conditions. This product allows projects with greater slopes to be designed since frictional characteristics 
are enhanced. These product specifications meet or exceed GRI GM 17 

P d u c t  SpecXcdons 

ASTM D 1505 200,000 Ib 0.92 0.92 0.92 

ASTM D 6693, Type IV 20,000 Ib 

Dumbell, 2 ipm 100 (1 8) 132 (23) 176 (30) 

C.L. = 2.0 in (51 mm) 500 500 500 

Product Code I I I LUT040A000 I LUTO60AOOO I LUT0W)AOOO 

Tear Resistance, Ib (N) 

Puncture Resistance, Ib (N) 

Carbon Black Content, YO 

Thickness, mils (mrn) or per pruject specs I ASTM D 5994 I every roll I 36 (0.91) I 54 (1.4) I 72 (1.8) 

ASTM D 1004 45,000 Ib 22 (98) 33 (147) 44 (200) 

48 (214) 73 (325) 97 (432) ASTM 0 4833 45,000 Ib 

ASTM D 1603 20,000 Ib 2.0 2 .o 2.0 

Oxidative Induction lime, minutes 

Roll Length (approximate), ft (m) 

Roll Width, ft (m) 

Roll Area, ft' (inz) 

ASTM D 3895,200' C 0 2 . 1  atm 200,000 Ib >loo >loo >loo 
700 (21 3) 520 (1 58) 400 (1 22) 

22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

15,750 (1,463) 1 1,700 (1,087) 9,OOO (836) 

Carbon Black Dispersicn I ASTM D 5596 I 45,000Ib I +Notel I +Notel I +Notel 

Asperlty Height I CRI CM 12 I second roll I +Note2 I +Note 2 I +Note 2 

I I I 

DS016 R03/10/04 

lhis in(orma!m is p m w d a d  lm reference pupas- onty and is mt intended as o vorm 
GSE lm curmn~, ~tondmd minmwm quohry awronca procedurm and 

GSE and other m a m  used In ths dccumeni are badernarks and s e w  U S A  andoMercn 
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Asia/Patific GSE l ining Tethnology Company lid. Bangkok, Thailand 66-2-937-0091 Fax: 66.2-937.0097 
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GSE UltraFlex i s  a high quality, linear low density polyethylene (LLDPE) geomembrane produced From specially 
formulated, virgin polyethylene with outstanding flexibility. This polyethylene resin i s  designed specifically for flexible 
geomembrane applications.. Its high uniaxial and multiaxial elongation characteristics make it very suitable for 
applications where differential or localized subgrade settlements are expected such as leach pads, landfill closure caps, 
or any application where elongation or puncture resistance is  critical. GSE UltraFlex contains approximately 97.5% 
polyethylene, 2.5% carbon black and trace amounts of antioxidants and heat stabilizers; no fillers or extenders are used. 
GSE UltraFlex i s  the only material OF its type on the market with many years of proven performance in applications 
throughout the world. These product specifications meet or exceed GRI GM 17. 

P d u d  Specifications 

Product Code 

Thickness, mils (mm) or per  project sp&s 
Densitv, dunJ 

LLD LLD LLD LLD 
030A000 04OA000 06OA000 080AOOO' 

ASTM D 51 99 every roll 27 (0.69) 36 (0.91 1 54 (1.4) 72 (1.8) 
ASTM D 1505 200,000 Ib 0.92 0.92 0.92 0.92 

Tensile Properties (each dimion) 
Strength at Break, Ib/in-width (Nhunl 

Elongation at Break, 70 
Tear Resistance, Ib (N) 
Puncture Resistance, Ib (N) 

' -  I Carbon Black Content, % IASTM D 1603 I 20.000 Ib I 2.0 I 2.0 I 2.0 I 20 

~ 

ASTM D 6693, Type IV 20,000 Ib 
Dumbell, 2 ipm 114 (20) 152 (27) 228 (40) 304 (53) 

G.L. = 2.0 in (51 mrn) 850 850 850 850 
16 (71) 22 (98) 33 (147) 44 (200) ASTM D 1004 45,000 Ib 

ASTM D 4833 45.000 Ib 46 (205) 62 (276) 92 (409) 123 (547) 

I C a h n  Black Dispersion I ASTM D 5596 I 45,000Ib I +Notel I +Notel I +Notel I +Note1 

Oxidative Induction 'lime, minutes 

Roll Length (approximate), ft (m) 

Roll Width, ff (m) 

ASTM D 3895,200" C 1 ATM 200,000 Ib >loo >loo >loo >loo 

1,120 (341) 870 (265)' 560(171) 430(131) 

22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

Roll Area, ft' (m') I 
NOTES: 

25,200 19,575 12,600 9,675 I (2,341) I (1,819) 1 . (1,171) 1 (899) I ' 

+Note 1: Dispersion only applies tu near spherical ogglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3. 

GSE UlhaFlex is available in rolls weighing about 3,800 lb (1,724 kg) respectively. 

All GSE geornembranes have dimensional stability of *2% when tested wih ASTM D 1204 and LTB of <-77" C when tested with ASTM D 746. 

Americas GSE lining Technology, Inc Houston, Texas 800-435.2008 28 I 443-8564 Fax: 281-230-8650 
Europe/Middle Eed/Africa GSE Lining Technology GmbH Hamburg, Germany 49-4W67420 Fax: 49-40-7674233 
Asia/Pacific GSE Lining Technology Company Lld. Bangkok, Thailand 66-2-937-0091 Fax: 66-2-9370097 

lbis produrr data sheet E uh mi/& on mr webite of 

www.gsewor1d.com 
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This manual contains proprietary information belonging to GSE lining Technology, Inc. This infdrmation is  intended to 
provide a summary of siundard quality procedures practiced by GSE's Manufaduring Quality Assurance laboratories 
in Houston, Texas. These procedures apply to stan,&rd geomembrane materials only and do not explicitly address non- 
conforming materials. 

This manual replaces in its entirety and supersedes all earlier versions issued by GSE lining Technology, Inc. We suggest 
you maintoin contact with your GSE representative to confirm the validity of this version at future dates. 

GSE lining Technology, Inc. reserves the right to change, modify, or .discontinue h e  use of the policies and procedures 
described herein without notice or prior consent except as contractually obligated otherwise. 

- .  

c 1 
M 0 4  RW11A)4 

This inbrmotian i s  p o ~ &  far rehence pwp- a* and is  not intended OS a rmrronfy or gwmflke. GSE assumes M Iia&li!y in connection with Ihe use d his inhumation. Please check with 
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1. QUALITY MANIFEST 
GSE Lining Technology, Inc. i s  committed to providing the highest quality products and services to our customers. This 
requires a firm, total quality commitment from all individuals within our organization that we will only suppty materials 
h a t  meet or exceed the requirements and specifications of GSE and our customers. 

GSE's commitment to quality starts with the highest quality raw materials. The quality of incoming raw materials is con- 
trolled at the supplier level with a complete vendor evaluation program in place. This means purchasing only from sup 
pliers who are committed to statistical process control thereby providing a consistent, high level of quality assurance of 
their products. 

II. MANUFACTURING QUAUTY ASSURANCE 
GSE Lining Technology, Inc. has an on-site Manufacturing Quality Assurance laboratory at each manufacturing plant. 
Having a fully equipped, well staffed, dedicated laboratory at each of the manufacturing facilities allows GSE to main- 
tain a high level of quality and uptdtwninute results on finished products. Each facility follows the same guidelines for 
evaluating the quality of GSE products and is capable of adapting to markedriven requirements. 

A. Objective 

The objective of the GSE Quality Assurance program i s  to define implementation of basic manufacturing 
quality assurance (MQA) procedures necessary to ensure consistent production of quality products s u p  
plied to the geosynthetic market. Note that at this time, these procedures are limited to polyethylene 
geomem branes. 

B. Scope 

In order to achieve GSE's stated purpose, a rigorous set of minimum standards and an effective test pro- 
gram to assure compliance has been established. These procedures and requirements are frequently 
reviewed and adjusted to assure compliance with current market demands and/or predetermined project 
specifications. These procedures assure that raw materials and process parameters are controlled to pro- 
vide produds complying with GSE's predefined minimum characteristics. 

111. MANUFACTURING QUAUTY ASSURANCE ORGANIZATION 
This organization consists of the Manufacturing Quality Assurance Laboratories as well as the manufacturing personnel. 
The combination of expertise and experience from these groups provides GSE with the proper tools to maintain the high- 
est level of quality and customer service in the industry. 

The Quality Assurance Department at GSE is charged by the President to assure that only products meeting both GSE's 
and the customer's requirements are released for shipment. The Quality Assurance personnel are directly responsible for 
monitoring testing and providing feedback to the manufacturing department to ensure the production of the specified 
product quality. Each member of the Quality Assurance team must participate in detailed training that includes factory 
exposure. 

IV. STAFF AND SCHEDULING 
The Quality Assurance Laboratories are staffed whenever manufacturing is occurring; this i s  usually 24 hours per day, 
365 days per year. This minimizes the amount of potentially inferior product produced before a manufacturing problem 
is  identified. 
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V. PRODUCT IDENTIFICATION AND DOCUMENTATION 
A. Roll Numbering 

Each roll of geomembrane is assigned a unique roll number. The Qualify Assurance laboratory maintains 
records documenting the raw materials and resulting product quality information. 

B. Approval Procedure 

Results for each tested roll of product are checked against both GSE and customer specifications for com- 
pliance. The Quality Assurance Laboratory approves hose materials that meet both of these requirements 
for shipment. 

C. NonConformance 

Material that does not meet GSE minimum standards is given a roll number but is rejected and not placed 
into inventory. The material is identified as scrap and will not be utilized. 

Material that meets GSE minimum standards but does not meet a stricter customer specification is not allc- 
cated to that customer but i s  placed into inventory as GSE standard material. 

Raw materials 

C.miernbrane 

D. Documentation 

Individual Quality Assurance Certificates are generated and supplied f o r  each roll of geomembrane prod- 
uct to include all relevant quality assurance information about the material(s). 

0 VI. RECORDS RETENTION 
GSE maintains reports and/or samples for products produced and sold. Records and/or samples are maintained accord 
ing to GSE's standard retention policy according to the item. 

Resin Supplier Test Reports and Certifications 
GSE Resin Test Reports 22 
Resin Sample Retain (Archiw) 22 

Raw Test Data (in computer database) 
Quality Control Certificates (in computer database) 
Sample Retain (approximately one square foot) 

a 

23 
rs 
;rs 

listed in GSE maintains high capacity, stateof-theart laboratory equipment suitable for performing h e  procedures 
Appendices A-D. GSE's Houston laboratories are accredited by the GAI-LAP program. GSE's Houston laboratories, as 
part of GSE's Product Division, also hold I S 0  certification. The appropriate certificates are maintained for review upon 
request by authorized parties. 

A. Routine Jesting 

Through careful investigation, GSE has developed a strict and thorough Quality Assurance program that 
exceeds the vast majority of customer specifications including GRI GM13, "Test Properties, Testing 
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Frequency and Recommended Warranty for High Density Polyethylene (HDPE) Smooth and Textured 
Geomembranes" and GRI GM17 Test Properties, Testing Frequency and Recommended Warranty for 
linear Low Density Polyethylene (LLDPE) Smooth and Textured Geomembranes". The testing program cov- 
ers raw materials (see Appendix A) and finished goods (see Appendix B) and is adhered to at all GSE 
laboratories. The laboratory equipment used by GSE represents the most modern equipment available and 
meets or exceeds the requirements of all the test stondards used. 

8. ' Other Jesfing Capabilities 

In addition to routine testing, GSE laboratories are equipped to perform a wide variety of other tests as 
required for unusual requests or product development. Further, although the GSE Quality Assurance 
Laboratories are fully equipped and able to perform most routinely specified tests in the industry, there are 
some tests that are more economically performed by a dedicated testing facility. GSE believes require 
rnents For such testing should be carefully considered and defined in terms of specific design requirements 
i f  they are found to be necessary. 

VIII. llRATERlAl QUALITY ASSURANCE 
GSE Lining Technology, Inc. has esiublished strict specifications for all raw materials and finished products. Test results 
must fall within the acceptable limits of GSE and customer specifications. 

A. Raw Material 

GSE primarily uses two types of raw materials, "natural resin" and "masterbatch" in the manufacture of 
geomembrane products. Natural resin is the base material that is used to make a geomembrane. It con- 
tains stabilizers to prevent degradation from occurring during and after extrusion. "Masterbatch" is h e  
term referring to the concentrated carbon black material used with the natural resin to produce the finished 
product. The natural resin and masterbatch are blended at the appropriate ratio at the manufacturing 
stage. The masterbatch can coniuin other additives depending upon the geomembrane product to be pro- 
duced. GSE verifies the properties of each lot of raw material prior to their utilization. 

When natural resin is received, samples are token and subjected to the tests outlined in Appendix A. All 
test data are entered into the computer database and checked for accuracy, consistency and compliance 
with GSE specifications. The material is  not accepted unless all standard test requirements are met and the 
GSE test values meet the requirements set forth in the raw material specifications. 

Copies of the supplier's certificate of analysis (COA) For each lot of resin utilized in the production of the 
materials supplied to a specific proiect are supplied as standard documentation. In addition, the GSE test 
results for each lot of resin are provided in a separate report upon request. 

Virgin resin i s  normally received in rail cor lots. If resin i s  received by other transport and/or in other quan- 
tities, an equivalent suitable sampling procedure is provided (i.e. not less than one sample per shipment 
or one sample for each 50,000 Ib., 23,000 kg) 

8. Geornembrone Products 

GSE.has implemented a strict and thorough Quality Assurance program for all geamembrane products. 
The geomembrane product line can be broken into two primary categories: smooth and textured products. 
Tables containing GSE minimum properties and test frequencies for all GSE geomembrane products includ- 
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ing specialty products such as GSE White (light-reflective geomembrane) and GSE Conductive (field spark- 
testable geomembrane) are in Appendix B. 

I .  On-line Manufacturing Quality Assurance 

The Quality Assurance program for finished product begins during the manufucturing process. Each man- 
ufacturing line i s  equipped with state-of-heart monitoring devices that provide feedback on the physical 
quality of the materials being produced. Each geomembrane production line is  equipped with both a 
thickness gage and spark-testing device. 

a) Thickness Measurement 

I .  

As geomembrane is being produced, thickness readings are token continuously over the length and 
width of the roll. These data are used to establish the minimum, maximum and average thickness 
values for each roll and are verified by thickness testing upon sampling of the finished goods. 

6) Spark Testing 

An electrical spark detector i s  in place on each manufacturing sheet line. This apparatus provides 
immediate notification of holes in the finished product. IF a hole is detected, an alarm is triggered 
and the hole is identified. Rolls containing holes are rejected From standard product inventory. 

2. Smooth Geomembrone Materials 

Smooth geomembrane products available include high density and linear low density polyethylene mate 
rials with 2-3% carbon black. Specialty materials include White, electrically conductive, green surfaced, 
and smooth edge textured geomembranes. 

a) Sampling 

Geomembrane rolls are sampled for QA testing according to the Frequencies in Appendix 0. An 
approximate o n e - h t  by roll width sample is cut For Qualify Assurance testing. Specimens for test- 
ing are taken from five predetermined positions across the wid* of the roll. Specimens are cut For 
testing the machine direction and transverse direction. A "retain" or archive sample approximate 
ly 12 x 12 inch (30 x 30 cm) i s  taken from the corresponding transverse direction position from 
the laboratory sample. The retain is labeled and kept For future reference (see Section VI). 

6) €valuation of Results 

All data are entered into a computer database for calculation and Comparison to GSE and cus- 
tomer-specific specifications. If materials do not meet GSE minimums and/or the customer specifi- 
cations, the manufacturing personnel are immediately notified in order for the appropriate adiust- 
ments to be made. Only products meeting GSE minimums and customer specifications will be 
approved for shipment. 
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c] Reporting 

Every roll of material has a quality assurance roll certificate or Roll Test Data Report (RTDR). This 
report identifies the standards on which the GSE approval i s  based along with the actual test results 
demonstrated by h e  material. 

3. Coextruded Textured Geomembranes 

Texhed geomembrane i s  produced utilizing a round die with coextrusion technology. The texture is pro- 
duced in a process in which one or two of the outer layers of a threelayer extrusion are blended with nitro- 
gen gas. Nitrogen bubbles fom in the molten resin and escape upon exiting the die, creating a rough, 
textured surface. Regular, White, green surfaced, and conductive geomembranes are available with coex- 
truded texturing. 

a) Sampling 

Geomembrane rolls are sampled for QA testing according to the frequencies in Appendix B. An 
approximate onefoot by roll width sample is cut for Quality Assurance testing. Specimens For test- 
ing are taken from five predetermined positions across the width of the roll. Specimens for testing 
the machine and transverse direction tensile are cut from each of the five positions. A "retain" or 
archive sample approximately 12 x 12 inch (30 x 30 cm) i s  taken From the corresponding trans- 
verse direction position from the laboratory sample. The retain is labeled and kept for future ref- 
erence (see Section VI). 

Evaluation of results and reporting practices are the same as for smooth geomembranes. 

C. Third Pa* Conformance Sampling 

Some specifications require independent Quality Assurance and/or conformance testing. GSE can pro 
vide assistance with the sampling of products by arranging for the conformance samples to be taken dur- 
ing production. By taking samples during production rather than on site, the customer can be assured that 
the samples are clean and available for conformance testing in a timely manner. 

GSE encourages customers to audit GSE manufacturing and manufacturing quality assurance operations 
and/or to collect samples and conduct independent conformance testing prior to shipment of materials. 
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e Appendix A - MMnurn Tesfing hquencks md Propertks for GSE Ruw Materids 

OIT 

Carbon Black Content 
Carbon Black Dispersion 

MINIMUM TESTING FREQUENCIES FOR GSE RAW MATERIALS 

ASTM D 3895 (1 ATM at 200' C) once per resin lot 

ASTM D 1603, modified N/A 

ASTM D 5596 NA 

Density [glcm'l 
Melt Flow Index I g / l O  rnin] 

OIT [minutes] 

MINIMUM PROPERTIES FOR GSE RAW MATERIALS 

ASTM D 1505 0.932 0.91 5 

ASTM D 1238 (190/2.16) s l . 0  s 1.0 

ASTM D 3895 (1 ATM at 200' C) 100 100 

1 GSE utilizes test equipment and procedures that enoble effeclive and economical confirmation that the product will conform to specifico- 
tions based an the noted procedures. Some kst praedures have been modified for application to geosynthetics. All procedures and d u e s  

ore subiect lo chonge without prior notification. 
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GSE Geornembranes Manufacturing Quality Assurance Manual 

Appendix B - Wmmvm resting Frequencies cmd Properties for GSE Geommbranes e 

Roll Length (approximate), ft (m) 
Roll Width, ft (m) 

Roll Area, ft' (rn') 

I Product Code 

1,120 (3411 870 (265) 560 (171) 430 (131) 340 (104) 
22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

25,200 19,575 12,600 9,675 7,650 
(2,341) (1,819) (1,171) (899) (71 1) 

Thickness, mils (mm) or per project specs ASTM D 5199 
Density, g/m' ASTM D 1W5 

Tensile Properties (each direction) ASTM D 6693, Type IV 

Dumbell, 2 ipm 

G.L. 2.0 in (51 mm) 

C.L. 1.3 in (33 mm) 

strength at Break, Ib/in-width (1\vmm) 
Strength atYiekl, IMn-width (N/mm) 
Elongation at Break, % 

Elongation at Yield, % 

Tear Resistance, Ib (N) 

Puncture Resistance, Ib (N) 

ASTM D 1004 
ASTM D 4833 

C a b n  Black Content, % . IASTM D 1603 

every roll 

200,000 Ib 

20,000 Ib 

1 0.94 

, 122 (21) 
' 63 (11) 

700 
13 

HDE 

MOA000 

36 (0.91) 

MINIMUM PROPERTIES FOR GSE HD 

21 (93) 
59 (263) 

2.0 

0.94 

162 (28) 

a4 (15) 
700 

13 

i HDE 

IO6OAOOO 

54 (1.4) 

HDE 

080A00( 

72 (1.8) 

094 
243 (43) 
130 (23) . 

700 

13 

.0.94 

324 (57) 
173 (30) 

700 

13 

HDE 

1 OOAOOO 

90 (2.3) 

45,000 Ib 

45.000 Ib 

20,000 Ib 

Carbon Black Dispersion ASTM D 5596 45,000Ib +Note1 +Notel +Note1 +Note1 +Notel 

Notched Constant Tensile Load, hrs' ASTM D 5397, Appendix 200,000 Ib 400 400 400 400 400 

28 (1 25) 

79 (352) 

2.0 

42 (187) 
11 9 (530) 

2.0 

56 (249) 
158 (7031 

2.0 

0.94 

405 (71) 

216 (38) 
700 

13 
70 (31 1) 
198 (881) 

2.0 

NOTES: 

9 +Note 1: Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Cate~ory 1 or 2. No more than 1 view horn Category 3. 

9 GSE HD is milable in mils weighing oboui 3,900 Ib (1,769 kg) 

All GSE geornembranes huve dimensional xtobiliy of +2% when M d  with ASTM D 1204 and LTB of cJ7" C when tested with ASTM D 746. 
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0 Appendix B - Minimum Testing Frequedes ond Properfies for GSE Geomembrtrrres 

Product Code 

Thickness, mils (mm) or per project specs 
Density, g/cm' 
Tensile Properties (each direction) 

Strength at Break, Ib/in-width (N/mm) 

Strength atyield, Ib/in-width (Nmm) 

Elongation at Break, % 

Elongation at Meld, 'Ya 

MINIMUM PROPERTIES FOR GSE WHITE 

ASTM D 5199 

ASTM D 1 505 
ASTM D 6693, Type IV 

Dumbell, 2 ipm 

C.L. = 2.0 in (51 mm) 

C.L. = 1.3 in (33 mm) 

every roll 

200,000 Ib 
27 (0.69) 36 (0.91) 54 (1.4) I 72 (1.8) I 90 (2.3) 

0.94 0.94 0.94 1 0.94 1 0.94 

20,000 Ib 

122 (21) 

63 (1 1) 

162 (28) 243 (43) 324 (57) 405 (71) 

84 (15) 130 (23) 173 (30) 216 (38) 

1 I 

Tear Resistance, Ib (N) 

Puncture Resistance, lb (N) 

Carbon Black Content', 96 

I HDE I HDE 1 HDE 1 HDE 1 --HDE 

030A010 04OA010 060A010 080A010 1OOA010 

ASTM D 1004 

ASTM D 4833 

ASTM D 1603, black layel 

Carbon Black DisFrsion I Notched Constant Tensile load, hrs 

ASTM D 5596 

ASTM D 5397, Appendix 

20,000 Ib 2.0 2.0 2 .o 2.0 2.0 

45,000Ib 

200,000 Ib 
+Note1 +Notel +Notel +Notel +Notel 

400 400 400 400 400 
I I I I 1 

UE 

Oxidative Induction Time, minutes 

Roll Length (approximate), ft (m) 
Roll Width, ft (m) 

Roll Area, ftz (mz) 

ASTM D 3895,200" C; 
02, 1 atm 

200,000Ib 

Notes: 

+Note 1: Dispersion only applies to near sphen'col agglomerohs. 9 of 10 views shall be Category 1 or 2. No more than 1 view fram Category 3. 

GSE White i s  available in rolls weighing abut  3,900 Ib (1,769 ks). 

' GSE White may h e  an Overall osh content greater than 3.0% due ta the white layer. 

All GSE geomembranes hove dimensional -ability of *2% when tesbd with ASTM D 1204 and LTB of < - 7 7 O  C when tested with ASTM D 746. 

>loo >IO0 >IO0 >lo0 >IO0 

1,120 (341) 870 (265) 560 (171) 430 (131) 340 (104) 
22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

MQA ROM1104 
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19,575 12,600 9,675 7,650 
(1,819) (1,171) (899) (711) 



Appendix B - Minimum resting Frequencies and Properties for GSE G e o d u n e s  e 
MIHIMUM PROPERTIES FOR GSE CONDUCnVE 

Product Code 

Thickness, mils (mm) or per project specs ASTM D 51 99 
Density, g/cml ASTM D 1505 
Tensile Propenies (each direction)' ASTM D 6693, Type IV 

Dumbell, 2 ipm 

C.L. = 2.0 in (51 mm 

C.L. = 1.3 in (33 mm 

Strength at Break, Ib/in-width (Nhnm) 
Strength atYietd, Ib/in-width (N/mm) 

Elongation at Break, % 

Elongation at Yield, YO 

Puncture Resistance, Ib (N) 

Carbon Black Contentz, 4' 
Carbon Black Diswrsion 

ASTM D 1004 

ASTM D 4833 
ASTM D 1603 
ASTM D 5596 

- Tear Resistance, Ib IN) 

I Notched Conhnt Tensile Load, hrs 1 ASTM D 5397, Appendi) 

0 2 , l  a m  

Roll Leneth (aooroximate). ft (m) 

Roll Area, ft' (m') 

NOTES: 

every roll 
200,000 Ib 
20,000 Ib 

45.000 Ib 

HDC 

040AooO 
36 (0.91) 

0.94 

162 (28) 

84 (15) 
700 
13 

28 (125) 
45,000 Ib I 79 (352) 
20,000 Ib I 2.0 
45,000 Ib I +Note 1 

200,0001b I 400 
I 

==-I-- 
870 (265) 
22.5 (6.9) 

0.94 0.94 0.94 

243 (43) 324 (57) 405 (71) 
130 (23) 173 (30) 21 6 (38) 

700 700 700 
13 13 13 . 

42 (1 87) 56 (249) 70 (31 1) 

1 19 (530) 158 (703) 198 (881 
2.0 I 2.0 I 2.0 I 

+Notel I +Notel I +Note1 I 

560 (1711 430 (131) 340 (104) io 
22.5 (6.9) I 22.5 (6.9) I 22.5 (6.9) I 

I I I 

+Note 1: Dispersion only applies to near  spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3. 

GSE Conductive i s  available in rolls weighing about 3.900 Ib (1.769 kgl. 

'Due to wrrfoce e f k k  caused by the conductive layer, these tensile properties are minimum average values. 

'GSE Conductive may have a n  overall carbon black percentage above 3.0% due ta he high carban black loadings in he conductive layer. 

All GSE gwmembranes h u e  dimensional stability of 2% when tested with ASTM D 1 2 0 4  and LTB of c-77" C when tested wilh ASTM D 746. 
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MINIMUM PROPERTIES FOR GSE CONDUCTIVE WHITE 

Strength at Yield, Ib/in-width (N/mml 
G.L. = 2.0 in (51 mm 

Oxidative Induction Tme, minutes 

Roll Length (approximate), ft (rn) 

Roll Width, ft (m) 

Roll Area, ftz (mz) 

2 .o 2.0 

ASTM 0 3895,200' C; 200,000 Ib >loo >loo >loo >loo 
0 2 , l  atm 

870 (265) 560 (171) 430 (1 31) 340 (104) 
22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

19,575 12,600 9,675 7,650 
(1,819) (1,171) (899) (711) 
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0 Appendix B - MMnum Terting FreqrrenCies ad Properties for GSE Geomembraaes 

MINIMUM PROPERTIES FOR GSE HD TEXTURED 

Strength at Yield, IMn-width (N/mm) 
C.L. = 2.0 in (51 mm) 

Roll Length (approximate), ft (m) 830 (253) 700 (21 3) 
Roll Width, ft (m) 22.5 (6.9) 22.5 (6.91 
Roll Area, k2 (d) 18,674 15,750 

(1,735) (1.463) 

Standard Textured 

06OAOOO HDT I M O A 0 0 0  HDT 

0.94 I 0.94 

90 (16) 120(?1) 
130 (23) 173 (30) 
150 1 50 
13 13 

42 (187) I 56 (249) 

400 I 400 

UNA1 VAliUE 
- . L -  . 

1 OOAOOO HDT I 
=I 0.94 
216 (38) I 
150 
13 

70 (31 1) 
180 (801) 
2.0 

+Note 1 
+Note 2 
400 

a 
130 (101) 
!2.5 (6.9) 
7,425 
(690) 

NOTES: 
+Note 1: Dispersion only a p p l i  to near tphericol agglomerates. 9 of 10 views sholl be category 1 or 2. No more than 1 view from Category 3. 
+Note 2: 10 mil average. 8 of 10 readings S' mils. L w &  individual 2 5 mils. 

GSE HD Standard TexJured is available m mlls weighing about 4.000 Ib (1,800 kg). 
'The combination of stress concenhafions due b coextrusion texture geometry and the smdl specimen size results in large w r i a h n  of tesf rerulh. Therefore. these ten 

'NCR fw HD Textured is conducted on represenbtive smoarh membmne samp(es. 

All GSE geomembmnes have dimensional stubiliy of L2% when b e s t e d  wih ASTM D 1204 and LTB of c-77" C when tested with ASTM D 746. 

rile properties are minimum avemge wlues. 

M 0 4  ROYllr04 
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Appendix B - Midmum Testitg Frequencies u d  Properties for GSE Geommbrms 

MINIMUM PROPERTIES FOR GSE WHITE TEXTURED 

Strength at Yield, Ib/in-width (N/mm) 
Elongation at Break, YO 
Elongation at Yield, Yo 

G.L. = 2.0 in (51 mm) 

0 3  
96 

Carbon Blad( Content*. YO I ASTM D 1 6  
Catbon Black Dispersion 
Asoeritv Heieht 

I ASTM D 55 
I GRI CM 12 

8 , "  

Notched Constant Tensile Load', hrs I ASTM D 5397, Appendix 

45,000 Ib 
45,000 Ib 
20,000 Ib 
45,000 Ib 
second roll 
200,000 Ib 

I ' 200,0001b 
ASTM D 3895,200' C; I 0?,1 atrn 

I Oxidative Induction lime, minutes 

Roll Length (approximate), ft (m) 
Roll Width, ft (m) 
Roll Area, ft* (m2) 

NOW. 

1 HDT 1 .HDT 1 HDT 

ti:: 

040A010 06OAO10 08OAO10 1OOAO10 
36 (0.91) 54 (1.4) 72 (1.8) 90 (2.3) 

0.94 0.94 0.94 

60(11) 90(16) 120(21) lSO(27) 
84 (1 5) 130 (23) 173 (30) 21 6 (38) 
1M 150 150 150 

I 
. .  . .  . .  

15,750 11,700 9,000 7,425 
(1,463) (1,087) (836) . (690) 

+Note 1 : Dispersion only applies to near spherical agglomemkr. 9 or 10 views shall be Category 1 or 2. No more than 1 view from C ~ a e g o ~ ~  3. 
tNote 2: 10 mil avemge. 8 of 10 readings 9' mils. Lowest indwduol 2 5 mils. 

GSE White Texhired i s  available in rolls weighing about 4,000 Ib (1,SaO kgl. 
'The combination of mess conenhutions due to coextruson texture geameSy and the small specimen size results in large variation OF test resulk. Therefore, these ten- 

'GSE White Textured may have an overall ash content greater than 3.0% due to the white layer. 
'NCn is conducted on representative smooth membrane samples. 
All GSE geomembranes have dimensional stobiliv of &% when tested wilh ASTM D 1204 and LTB of e-77" C when tested with ASTM D 746. 

sile properties are minimum average mlues. 

M U  RW11JJ4 
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Appendix B - Mwmvm Testing FrequenCies and Properties for GSE Geumedranes a 

LLD 
030A000 
27 (0.69) 

MINIMUM PROPERTIES FOR GSE ULTRAFLEX 

LLD LLD LLD 
04OAOOO 06OAOOO 080A000 
36 (0.91) 54 (1.4) 72 (1.8) 

lpd"~c* 

Strength at Break, Ib/in-width (N/mm) 

Elongdon at Break, % 
Tear Resistance, Ib IN) 
Puncture Resistance, Ib (N) 

Carbon Black Content % 

Thickness, mils (mm) or per project specs 
Density, g/mJ 
Tensile Properties (ea& direction) 

Dumb4 2 ipm 1 14 (20) 152 (27) 228 (40) 304 (53) 
C.L. = 2.0 in (51 nun) 850 850 850 850 

ASTM D 1004 45,000 Ib 16 (71) 22 (98) 33 (147) 44 (200) 
AVM D 4833 45,000 Ib 46 (205) 62 (276) 92 (409) 123 (547) 

ASTM D 1603 20,000 Ib 2.0 2.0 2.0 2 .o 

ASTM D 5199 I every roll 

ASTM D 1505 I 200,000 Ib 
ASTM D 6693, Type IV I 20,000 Ib 

0.92 I ' 0.92 I 0.92 1--0.92 

I I I 

~~~ ~~ I Carbon Black Dispersion I ASTM D 5596 I 45,000Ib I +Notel I +Notel I +Notel I +Notel 

I Oxidative Induction Time, minutes 

Roll Length (approximate), ft (m) 

Roll Width, ft (m) 

Roll Area, ft' (mz) 

Nom: 

ASTM D 3895,200" C 1 ATM 200,000 Ib 

19,575 
(2,341) (1,819) 
25,200 I. 

>loo I >loo 

12,600 1.675 
(1,171) (899) 

+Note 1 : Dispersion only applies to near  spherical aggbmemks. 9 d 10 views shdl be category 1 or 2. No more than 1 view from Category 3. - GSE UlhaFkx i s  availaMe in rolls weighing about 3.800 Ib [I ,724 kg) respechely. 

All GSE geomembmnes hove d i m e n s i d  stability of a% whm terted w h  ASTM D 1204 and LT8 of C when tested with ASTM D 746. 

15 MQ4 ROY11104 



Appendix B - Midmum Testing Frequencies wM( Properties for GSE Geomedranes 

I Strength at Break, Ib/in-width (N/mm) I 152 (27) 

20,000 Ib I ASTM D 6693, Type IV 
Dumbell, 2 ipm I Tensile Properties (eachdirection) 

NIINIMUM PROPERTIES FOR GSE ULTRAFLEX WHITE 

228 (40) 

Product Code I Thickness, mils (mm) or mr project specs 

C.L. = 2.0 in (51 mm) 

ASTM 0 1004 

ASTM D 4833 

ASTM D 1603 

I I LLD040A010 I LLD060A010 I 

850 850 

45,000 Ib 22 (98) 33 (1 47) 

45,000 Ib 62 (276) 92 (409) 

20,000 Ib 2.0 2.0 - 

ASTM D 5199 ' I even/ roll I 36 (0.91) I 54 (1.4) I 
I ASTM D 1505 I 200,000 Ib I 0.92 I 0.92 I 

Elongation at Break, X I Tear Resistance, Ib (N) 
Puncture Resistance, Ib (N) 
Carbon Black Content', % 

C a h n  Black DisFrsion ASTM D 5596 . I 45,000Ib I +Notel I +Notel 

Oxidative Induction Time (minutes) 

Roll Length (approximate), ft (m) 

Roll Width, ft (m) 

560 (1 71) 

ASTM D 3895 200" C 02 1 atm. 200,000 Ib >lo0 

870 (265) 

I 22.5 (6.9) 1 22.5 (6.91 I I 
I 19,575 (1,819) 1 12,600(1,171) I I Roll Area, ft' (m*) I I 

NOTES: 
0 +Note 1: Dispersion anly applies ta neur spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3. 

GSE UltmFlex White i s  available in rolls weighing about 3,800 Ib 11.724 kg]. 

'GSE UlhaFlex White may have an overall ash content greater than 3.0% due ta the white layer. 

All GSE geomembranes have dimensional stubility of t 2 %  when kzted with ASTM D 1204 and LTB of c-77" C when tested with ASTM D 746.  

MCA RW11104 
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Appendix B - Minimm resting Frequencies und Properties for GSE Geokmbrcmes 

MINIMUM PROPERTIES FOR GSE ULTRAFLEX TEXTURED 

Pmdud Code LUTO4OAOOO LUTOdOAOOO lUTO8OAoOO 

Thickness, mils (mm) or per prqect specs ASTM D 5994 every mil 36 (0.91) 54 (1.4) 72 (1.8) 

Density, dcm' ASTM D 1505 200,000 Ib 0.92 0.92 0.92 

Tensile Propetties (each d i d o n ) '  

Strength at Break, Ibhn-width (N/mm) 

Elongation at Break, 50 
Tear Resistance. Ib (N1 

Punare Resistance, Ib (N) 
Srbon Black Content. 46 

ASTM D 6693, Type IV 20,000 Ib 

Durnbell, 2 iprn 100 (1 8) 132 (23) 

C.L. = 2.0 in (51 mm) 500 500 

ASTM D 1004 45,000 Ib 22 (98) 33 (147) 

ASTM D 4833 45,000 Ib 48 (214) 73 (325) 

ASTM D 1603 20,000 Jb 2.0 2.0 

176 (30) 

500 

44 (200) 

97 (432) 

2.0 
~~ 

Lrbon Black Dispersion I ASTM D 5596 I 45,000Ib I +Notel I +Notel I +Notel I 
kperity Height I CRI CM 12 I secondroll I +Note2 1 '  +Note2 I +Note2 I 

Xidative Induction Ti&, minutes 

7011 Length (approximate), ft (m) 

toll Width, ft (m) 

7011 Area, ft' (m') . 

ASTM D3895,200°C02, 1 am I '200,000Ib I > lo0  I >lo0 I >lo0 I 

Notes: 

+Note 1 : Dispersion only applies b neor spherical ogglomerotes. 9 of 10 view sholl be Cotegory 1 or 2. No more than 1 view from Category 3. 

+Note 2: 10 mil average. 8 of 10 readings 9 mils. lowest individual 2 5 mils. 

GSE UlhoFlex Textured is uvoilable in rolls weighing about 3,900 Ib (1,769 kg). 

'The combination of SIT- concentrations due R coextrudon te.xture geometry and the smoll specimen size results in large vnriation of test retulb. Therefore, these ten- 
sile properties ore average mll volues. 

All GSE geornembraner hove dirnensiond stobdi!y of 22% when tested wih ASTM D 1204 ond LTB of c-77' C when tested Hlih ASTM D 746. 

MOI\ ROY111D4 e 17 
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200,000 Ib >loo >loo >loo 
700 (21 3) 520 (1 58) 400 (122) 

22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

15,750 (1,463) 11,700 (1,087) 9,000 (836) 

A ., e 

GEE Geomembranes Manufacturing Quality Assurance Manual 6 
MINIMUM PROPERTIES FOR GSE ULTRAFLEX WHITE TEXTURED 

LUTO8OAOlO 

72 (1.8) 

0.92 

LUT060A010 

54 (1.4) 

0.92 

LUT040A010 

36 (0.91 ) 

0.92 

Product Code 

Thickness, mils (mm) or per project specs ASTM D 5994 

Density, g/m' ASTM D 1505 

Tensile Properties (each direction)' ASTM D 6993, Type N 
Durnbell, 2 ipm Strength at Break, Ib/in-width (N/mm) 

wery roll 

200,000 Ib 

20,000 Ib 

176 (30) 

500 

,100 (18) 

500 G.L. = 2.0 m (51 mrn) Elongation at Break, YO 
Tear Resistance, Ib (N) 

Puncture Resistance, Ib (N) 

Carbon Black Content', 96 

44 (200) ASTM D 1004 
- 

ASTM D 4833 97 (432) 48 (214) 73 (325) 

2.0 2.0 

45,000 Ib 
20.000 fb ASTM D 1603- 2.0 

+Note 1 

+Note 2 

~~~~~ ~ 

Carbon Black Dispersion ASTM D 5596 

CRI GM 12 I Aroerii Heipht 

45,000 Ib +Note 1 +Note 1 

second roll +Note2 +Note2 

I Oxidative Induction Erne (minutes) 1 ASTM 0 3895 200" C, 02, 1 am 

Roll Length (approximate), k (m) 

Roll Width, ft (m) 

Roll Area, ft' (m') 

NOTES: 

+Note 1: Dispenim only applies to near spherical agglomerates. 9 of 10 v iew shall be Category 1 or 2. No more than 1 view from Category 3. 

+Note 2: 10 mil average. 8 of 10 readings G' mils. Lowest indin'duol 2 5 mils. 

GSE UltraFlex White T e ~ r e d  is availoMe in rolls weighing abaut 3.900 Ib (1,769 kg). 

'The combination of stress concentrations due ro coexhvsioo Wre geometry and the small specimen size resulk in large variation of test results. Therefore, these ten- 
sile properties are average roll values. . 'GSE UltraFlex White Textured may have on overall ash content greater than 3.0% due ta the white lqer. 

All GSE gwmembranes have dimensional stabiliy of L2% when tested with ASTM D 1204 and LTB of ~ - 7 7 ~  C when tested with ASTM D 746. 

e 1.104 R O W I ~ ~  
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GSE Geomembranes Manufacturing Quality Assurance Manual 

Appendix C - Minimum Wdd Properties for GSE Geomembmne products 

Peel Strength (fusion), ppi (kN/m) 
Peel Strength (extrusion), ppi (kN/rn) 
Shear Strength (fusion & at), ppi (kN/rn) 

MINIMUM WELD PROPERTIES FOR STANDARD HDPE GEOMEMBRAMES"' 

ASTM D 6392 49 (8.6) 65 (1 1.4) 98 (1 7.2) 130 (22.8) 162 (28.4) 196 (34.3) 

ASTM D 6392 ' 39 (6.8) 52 (9.1) 78 (13.7) 104 (18.2) 130 (22.8) 157 (27.5) 

ASTM 0 6392 61 (10.7) 81 (14.2) 121 (21.2) 162 (28.4) 203 (35.5) 242 (42.4) 

ASTM D 6392 

ASTM D 6392 
Peel Strength (fusion), ppi (kN/m) 
Shear Strength (fusion & ext), ppi (kN/m) 

' These values apply tu both wexlruded and flat cast produced geomembmnes and whitearfaced and c a n d h e  produch 

38 (6.7) 50 (8.8) 75 (13.1) 100 (17.5) 125 (21.9) 

45 (7.9) 60 (1 0.5) 90 (1 5.8) 120 (21 .O) 150 (26.3) 

MINIMUM WELD PROPERTIES FOR STANDARD UDPE GEOMMBRAMES(') 

This information i s  pmn'ded br rekrence purpmes onb and is cot infended OS o worronty or guamnbm. GSE oswmer rm liability in connection with rhe use of his informotion. Please &L *th 
G S E  for current. stondord minimum qmlity mwmnca prrxedure~ and specificoliom. 

GSE and other manis used in miis document are trademarks and service maas of GSE Lining Techmtogy, Im; certain of which are registered in the U.S.A. and other mu*. 
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Plastic Welding Technologies; Wedge Welders for Plastic Fabrication 

Contact PWT 
Products The "Wedge-It"-Ten years and over a thousand units later, we're still cranking them out. 

Why? Because Geornernbrane manufacturers and installers know the difference between a 
hard-working welder and hype. With 25 years of combined field experience, we do too. We 
didn't invent wedge welding. We simply manufacture a high quality welder at a great price, 
backed by the best service in the business. No false claims. No unproven facts. No high- 
priced gimmicks. 

* Wedge Welders 
Extruders 

Internal Abr Supply 
External Air Supply . Geornernbtane Welders 

Hand Held Welding fools 
4 Process TsChnOlQgy 

Roofing Froducts 
Tosting Equipment Features: 

4 Accossoriss and Pmts  
4 Welding Shoes 

Service 
4 Parts 
4 Manuals 
* Catalogs 
4 Troubleshooting 
4 Identification of 

fhermopliastics 
Online Quo40 Form 
UPS frnlcking 

0 Volt and Hour Meter 
0 Low Cost-High Performance off the shelf electronics 
0 New Easy-Out wedge makes changing cartridge heaters a breeze. 
0 Wedge Assembly with powerful 800 watt Easy-Out cartridge heaters, available up to 

3 inches wide. 
Drop out contour roller assembly for easy cleaning and access to wedge assembly 

0 Can be set-up with rubber rollers, solid or split, for air channel testing. 

to 55 degrees C 

Wedge sizes Material capabilities 

45mm solid or 45mm LowlHigh density 
split with 15mm Air test Polyethylenes (20 to 120+ 
channel 15mrn x 15mm x mil), Hypalon, XR-5, PVC 
15mm (to meet and other geornembranes 
EuroDean standard) 

h ttp :// a , plasticwel dingtechnol ogi es. com/wedge. htm 



e Plastic e i n g  Technologies; Wedge Welders for Plastic Fabrication 

MINI WEDGE I 

The "Mini-Wedge'' is the ideal wedge welder for overlap seaming of PVC, Polypropylene, 
Hypalon, XR-5 and other flexible Geomembranes. Its light weight makes it easy to maneuver 
and control even thin materials in high ambient temperature situations. The "Mini-Wedge'' is 
also great for high speed seaming of non-woven geotextiles and other geosynthetics as an 
alternative to sewing. 

Features: 

Material thickness range 
PE: UD to 40 mil (1 .Omm) 

a Light weight (1 5 pounds) 
a No remote transformer 
a Simply plug it in to standard 11 0 or 220V supply 
a Self-contained with on-board temperature and speed controls 
a Easy to operate 
a Versatile 

Backed by the best service in the business! 

a ,  

l i l 5  Lbs.16.8ii29Lbs.113.5ii 18"x 15"x 

PVC: Up to 100 mil (2.5mm) 
PP: Reinforced-Up to 45 mil (1.2mm) 

Other flexible materials up to 100 mil 
(2.5mm) 
Nonwoven geotextiles up to 16 oz. per sq. 
va rd 

Non-reinforced-Up to 60 mil (I Smm) 

Power /1 Travelspeed 
supply 

Weld width 
?'I (50mm) with or without air 
:hannel copper or stainless 

http : //IVWW. pl asti cwel dingtechnologies. comfwedge. htm 71 12/04 



Plastic Welding Technologies; Testing Equipment for Plastic Fabrication 

Homo 
Cordact PWT 
Products 

4 Wcdge Wcldcrs 
* Extruders 

Fnterneb Air Supply 
Enternial Air Supply 
Cearnemb8rano Weldors 

Hand Held Welding fools 
Process Tcochnology 

4 Roofing Products 
Testing Eqwipmont 

+ Accessories and Parts 
Welding Shoes 

Se N kc 
4 Parts 

Manuals 
4 Catalogs 

Troubleshooting 
Identification ot 

Thermoplastics 
Online Quote Form 
UPS Tracking 
Rolsted Links 

Testing Equipment 

Accura-Li te 

Features: 

e500 Ib. capacity "S" style load cell is built to hold up under 
hostile iob site environments and maintains its accuracy to +/-1%. 

The "Accura-Lite" is a 
lightweight machine for on- 
site destructive testing 
(peel & shear) of 
geomembrane seams. It 
meets all specifications for 
ASTM D4437,03083, etc. 
The Accura-Lite is 
designed to handle rough 
job-site conditions but can 
be used in a labratory 
environment as well. 

OEasy-td-use cam-lock grips are designed to accommodate up 

@A "calibration check" feature allows the operator to confirm the 

@Peak-hold feature retains highest reading. 
eThe test speed of the Accura-lite is adjustable from 0 to 20 inches 

per minute. This has an advantage over pre-set speeds due to 
inconsistent power supplied by generators in the field. 

@Delivery includes: "Accura-Lite" testing machine, calibration 
report, operations manual, sun visor for readout, shipping/storage 
case 

to 2" sample coupons (other custom grips available). 

accuracy of the machine with the push of a button. 

Svec@cations: 
Weight (tester only) 

Shipping weight 

Dimensions 

Power supply 

Test Speed 

40 Lbs. I 18 Ug. 

66 Lbs. I 30  Kg. 

36" x 9" x T high 

11 5 or 230 V AC, 50160 Hz 

0 to 20 Incheslmln. adjustable 

Crosshead Stroke 24" Standard 

Rated Capacity 500 Ibs. 

http:!!w. :@ 1 .  plasticwel dingtechnol ogi es. comltesting. htm 

Portable Tensiometer - Examo 

Technical Data Examo 300F 

Power consumption V -  120,230 
Examo 600F 
120,230 



Plastic \*ng Technologies; Hand Held Welding Tools for Plastic F e o n  

Horn0 HAND HELD WELDING TOOLS 
Contact PWT 
Products Repair welding and forming of bumpers, air conditioning systems, heating units, spoilers, batteries, lamps, tanks for petrol, oil and water, together with complete 

bodyworks sections for motor vehicles. Shrinking and solder shrinking of electronic and electrical interconnect devices and connections. Wedge Welders 
Extruders 

Internal Air Supply 
External Air Supply 
Geomombrane Welders 

Hand Held Welding Tools 
Process Technology 
Roofing Products 
Testing Equipment 
Accessories and Parts 
Welding Shoes 

Service 
4 Parts 
* Manuals 
* Catalogs 
4 Troubleshooting 
* Identification of 

Therrnoplastlct; 
Online Quote Form 
UPS Tracking 
Refeted Links 

,' Accessories for the Triac PID 

The proven hand-tool 

TRIAC S 

http://wWw. plasticwel dingtechnologies. com/handtool. htm 

Accessories for the Triac S 

7/12/04 



PI as tic Welding Technologies; Landfill Construction 

Home 
Contact PWT 
P rodu ct s 

Wedge Welders 
4 Extrudcas 

internal Air Supply 
External Air Supply 
Geomemblrsrle Welders 

Hand Held Welding Tools 
Process Technology 
Roofing Products 

4 Testing Equipment 
4 Accossorios and Parts 

Welding Shoes 
Service 

Parts 
3 Manuals 
4 Catalogs 
4 TroubIe6h6otin~ 

Identification of 
Thermoplastics 

OnWic Quote Form 
UPS Tracking 
Related Links 

LANDFILL CONSTRUCTION - Hand extruder with integrated air supply (Autoair) 
Autoair hand extruders with Integrated preheat air supply provide maxlmu'm flexibility in workshop and field weldlng appllcations; Thanks to the on- 
board preheat air blower, the machine does not depend on an external air source., 

The extruder comes with the following accessories' 
1 Power box w/ 50 ft of cord 

1 Set of air nozzles 

film thicknesses 

Weld Trimmer I Parts & Accessories 

The extruder comes with the following accessories: 
1 Power box w/ 50 ft. of cord 
1 Welding shoe 
1 Set of air nozzles 

Klnd .of 
material 

mm 

Application 
range 

wall thlcknesses 
4-15 mm 

film thicknesses 
from 1 mm 

Weight Length 

Weld Trimmer I Parts & Accessories 

The extruder comes with the followng accessories. 
1 Power box w/ 50 ft. of cord 
1 Welding shoe 
1 Set of air nozzles 

m- 

http:// a . plasticweldingtechnol ogies. codgeo. hbn 



Plastic w n g  Technologies; Landfill Construction 

8 round rod wall thicknesses 
8-30 mm 0 4 5  mm 

film thicknesses 

570 

Weld Trimmer I Parts & Accessories 

The extruder wmes with the following accessories: 
1 Power box w/ 50 ft. of cord 
1 Welding shoe 
1 Set of air nozzles 

The extruder wmes with the following accessories: 
1 Power box wl50 ft. of cord 
1 Welding shoe 
I Set of air nozzles 

Weld Trimmer 1 Parts &Accessories 

The”X3-WGEO Extrusion Welder -- the ultimate extrusion welder for the serious geomembrane installer. The X3-WGEO is 
perfect for high-productton patching and is also built to hold up to conhnuous use applications such as tie-in seams With its high 
air volume pre heater, the X3-WGEO is also ideal for production welding of HDPE pipe, sheet stock and other thermoplastic 
structure fabrication. 

4 

h ttp ://www. plasti cwel dingtechnologies. com/geo. htm 7/12/04 



Plastic Welding Technologies; Landfill Construction 

Weld Trimmer 1 Psrts & Accessories 

0 Copyright 2003 Plastic Weldings Technologies, Inc. 

h tt p : //w ?k . p I asti cw el dingtechnol ogi es. com/geo. htm 
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For non-destructive vacuum testing of welded seams. 

The latest in \acuu.m 
testing t ech  0103 

Self contained version available in sizes from 
10~7x24”t0 IO-x a”. 

Ekclusive control box with switch to 
turn vacuum on and of€ Sturdy mrC 

block protects gauge. 

The revolutionary V-Plate is ..... 

Light: Making it easy to move from one test to the next with very little effort. 

Flexible: Easily creating an initial vacuum seal over uneven areas and wrinkles. 

Low Profile: Preventing liner fiom pulling up into the chamber, damaging the material. 

Economical: Low cost replacement sight plates available with pre-attached foam gaskets. 

Versatile: The V-Plate can be used with a vacuum pump or an air compressor and can 
be ordered in just about any size or shape to fit your testing application. 
Contact us for information on available.sizes and shapes. 

Call “Demo” Dave McLaury for more information at (888) 324-WELD 

Another quality product by 

* Pnces vary depending on shape and viewing area size Custom sizes and shapes available upon request Contact us for details 

DEMTECH Services. Inc. P.O. Box 2165, Placerville, CA 95667 6414 Capitol Ave., Diamond Springs, CA 95619 
www.derntech.net (888) 324-WELD (9353) (530) 621-3200 Fax: (530) 621-0150 dcmdave@lemtech.net 



For Submittal of Shop Drawings, Equipment Data, Material Sa 
Manufacturer's Certificates of Compliance, or Other 

(Read Instructions prior to initiating this form.) 

Section I REQUI 
To: 
iMr. Bob Davis 
W E T S  
10808 Highway 93, Unit B Bldg 116 
Golden, CO 80403-8300 

Date: 71 151 2004 
X Resubmittal 

3T FOR ACCEPTANCE OF THE 1 
From: 
Paul Kreitz 
S.M. Stoller Corporation 
990 South Public Road, Suite A 
Lafayette, CO 80026 

Item 
No. 

a. 

1 

Specification Sec. No. (Cover only one section with each Submittal) 

Description of Item Submitted 
(Type, size, model number, etc.) 

MFG. Or Contr. Cat., Curve 
Drawing or Brochure No. 

(See Instruction #8) 

b. C. 

GSE Untraflex 60 Mil LLDPE See Attached 

No. of 
Copies 

d. 

6 

2 Remarks: 

Contract Reference Deviation Contractor 
Document (See Instruction Action Code 

Spec. Drawing #6) (See Instruction #9) 
Paragraph No. Sheet No. 

e. f. g. h. 

02225 NIA 

ILLOWING ITEMS (This section to be initiated by the Subcontractor) 

Subcontract No: KH020577 
Submittal No. 005A 

Previous Submittal No. 005 
I 

Project Title: Construction of the Present Landfill Accelerated Action 

6 l  02225 1 
6 02225 

I I I 
I certify that the above submittal items have been received 
in detail and are correct and in strict.conformance with the 
contract drawings and specifications except as otherwise 
noted. 

. ,  

Enclosures Returned (List by Item No.): Title and Signature of Accepting Authority: Date: 

Sheet 1 Of 3 



Sent: 
To: Davis, Robert W. 
Subject: Submittal Comments 

Wednesday, August 04,2004 4:04 PM 

Bob, 

Attached are comments on Submittal. 
O l O ,  013,021 

<<Submittal Comments.doc>> 

Randy Thompson 



Design Engineer Submittal Comments 
August 3,2004 

SUBMITTAL 008 - SILT FENCE 

The deviations noted by the subcontractor (4-foot stakes and 0.05lsec permittivity) are 
acceptable. Specification Section 02228 will be revised to reflect these values for the 
official project specifications that will be used by the CQAE to approve submittals. 

Could not verify that the stakes are 2-inches by 2-inches but it is assumed since this is the 
industry standard. 

SUBMITTAL OO? - 60-mil LLDPE 

LLDPE Material Information - During construction, the manufacturer must provide a 
LLDPE Certification Sheet demonstrating that the rolls supplied meet project 
specifications. 

Weld Equipment Information - The Specifications and QNQC Plan state that QC 
destructive testing shall meet ASTM D 6392. The devise is acceptable so long as the 
stated ASTM D 4437 outlines the use of ASTM D 6392. 

The V-Plate vacuum tester is acceptable so long as it meets the requirements of ASTM D 
5641 or ASTM D 5820. 

SUBMITTAL 02 1 - TEMPORARY CONSTRUCTION FACILITIES 

Section 4.0 - There is no discussion in relation to the Colorado Air Quality Control 
Commission Regulation 1 as outlined in Section 1.02A of Specification 01500. 

Section 7.0 - Specification 01500 Section 1.05 A lists specific requirements for the 
administrative and storage areas (95% maximum dry density in the top 6-inches, gravel 
paving course of sub-base material not less than 3-inches thick). It is not clear whether 
the subcontractor intends to meet this specification. 

Section 7.0 - Will the storage areas protect GCL from ultraviolet light exposure, moisture, 
excessive humidity, puncture, cutting, or other damaging conditions per Specification 02226? 

SUBMITTAL 01 7 - DUST SUPPRESANT 

The dust suppressant is acceptable and will help satisfy Specification 01430 Section 
1.03C3 which states that no dust emissions from roadways, or construction operations 
within the project boundary will be allowed. 



, 

SUBMITTAL 009 - NONWOVEN GEOTEXTILE 

The 602 geotextile meets the requirements of Specification Section 11 100 and also the 
requirements of Specification 02245 (not referenced on transmittal form). As specified in 
the QNQC Plan (Table 4. 1)’ manufacturer’s QC data must be reviewed and approved by 
QNQC personnel for actual materials delivered to the site. 

SUBMITTAL 010 - EROSION CONTROL MAT 

Due to erosion control requirements the erosion control mat on the east slope has been 
changed to C350 not SC250 as previously indicated. Please provide information on 
C350. 

SC150 information provided is acceptable. The manufacturer’s quality program outlined 
will ensure that the SC150 delivered meets specifications. 



Attachments: 

Line 1 GSE Untraflex Mil LLDPE 

Product Data Sheet (1) 
GSE Ultraflex, 40 Mil, Sample (2) 

Line 2 GSE Ultraflex 40 Mil Textured LLDPE 

0 Product Data Sheet 
0 GSE Ultraflex Textured 40 Mil, Sample 

Line 3 Welding Equipment 

Wedge Welders 
Testing Equipment 

MA-40-D Welder 
MA-60-D Welder 
X3-EWGEO Welder 

0 V-Plate 

Triac S Hand Held Welder 

SUBMITTAL ~ M I T T A L  FORM 

Additional Attachments 

Colorado Lining Certification from GSE 
GSE Geomembranes Manufacturing Quality Assurance Manual 
GSE July 13 letter regarding Density, Melt Index and Oxidation Induction Time 
Colorado Lining July 12 letter detailing proposed welding equipment. 
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Rahe, John -- MFG, Inc. 

From: Jim Olsta ~im.olsta@cetco.com] 

Sent: 
To : John.rahe@mfgenv.com 

Cc: joe@kaulcorp.com 

Subject: Rocky Flats Project 

Thursday, September 16, 2004 4:35 PM 

Dear Mr. Rahe, 

Per our conversation following is a brief description of the procedure that will be used for needle detection and 
removal of all Bentomat ST manufactured for the Rocky Flats project. 

There is an in-line magnet after the needleboard to remove broken needles laying on the surface of the GCL and 
loosely imbedded needles. After the magnet the roll will pass an in-line metal detector. If the metal detector 
detects metal it will tag the roll. The line operator will send all tagged rolls to a separate reroll station. At the reroll 
station the reroll operator will unwind the roll to the tag. The operator will then visually look for needles and scan 
the roll with a metal detector. Any protruding needles will be removed. 

Sincerely, 

Jim Olsta 
CETCO 
1500 W. Shure Dr. 
Arlington Heights, IL 60004 
(847) 818-791 2 direct 
(847) 577-5566 fax 
e-mail: jim.olsta@cetco.com 



Ghrd + 
Construction , 

Inc 

July 12,2004 

SM Stoller 
Attn: Jim Erickson 
Phone: 303-546-435 1 
Fax: 303-443-1408 

RE: WETS Landfill - Paper Submittal - #1.07-12-04 

Attached is the requested paper submittal (7 sets), pertaining to the following 
geosynthetic material (02225 - 60 Mil LLDPE Geomembrane Liner - GSE). 

Also, included in this submittal package is information pertaining to the geosynthetic 
welding equipment that Colorado Lining intends to use on this project. PWT 
manufactures the “Wedge-It” used for LLDPE material seaming, the “Mini- Wedge” used 
for welding the geotextile component of the GDN, the “Accura-Lite” tensiometer used 
for field testing of LLDPE geomembrane seam strength, the “Triac S” hand held welder 
used for adhering LLDPE patches to the damaged LLDPE geomembrane and various 
other uses, the “MA-40-Dy MA-60-D, X3-EX” extruders used for sealing patches and 
other detail work involving extrusion welded seaming. The “V-Plate” vacuum box 
manufactured by DEMTECH will be used for non-destructive seam and patch testing. 

Once the 60 Mil LLDPE material in this paper submittal is approved, Colorado Lining 
Construction (CLC) will send sample materials to TRI testing laboratory for section 
02210 - Geosynthetics Interface Testing. Upon completion of final project design and 
approved Geosynthetics Interface Testing results, Colorado Lining Construction will 
issue panel layouts, CLC installation QNQC manual, and all other required submittal 
information pertinent to our scope of work. 

Please let me know ifany other paper submittal information is required. Also, please 
inform me as soon as the paper submittal is approved and final design materials are 
selected for Geosynthetic Interface Testing. 

Regards, 

-c-- L 
DanE. Lahr 
Senior Estimator 



Plastic Welding Technologies; Wedge Welders for Plastic Fabrication 

Home 
Contact PWT 
Products 

+ Wedge Welders 
* Extrudeas 

Internai Air Supply 
External Air Supply 
Gebmernbrane Welders 

Hand Held Welding TOOIS 
Process Technology 

+ Roofing Froducts 
Testing Equipment 

* Accessories and PertS 
4 Welding Shoos 

Service 
* Parts 
4 Manuals 
* Catalogs 

Trovbleshdotin~ 
* Identification of 

The rrnopliasti cs 
Online QuoQe Form 
UPS Tracking 
Related Links 

Wedge Welders - for Light, Medium I& Heavy Duty Jobs 

t j - The "Wedge-It"-Ten years and over a thousand units later, we're still cranking them out. WE-lT HOT WEOa W E w R  Why? Because Geomembrane manufacturers and installers know the difference between a 
hard-working welder and hype. With 25 years of combined field experience, we do too. We 
didn't invent wedge welding. We simply manufacture a high quality welder at a great price, 
backed by the best service in the business. No false claims. No unproven facts. No high- 
priced gimmicks. 

Feat u res : 

Volt and Hour Meter 
0 Low Cost-High Performance off the shelf electronics 

New Easy-Out wedge makes changing cartridge heaters a breeze. 
0 Wedge Assembly with powerful 800 watt Easy-Out cartridge heaters, available up to 

3 inches wide. 
Drop out contour roller assembly for easy cleaning and access to wedge assembly 

0 Can be set-up with rubber rollers, solid or split, for air channel testing. 

NEDGE IT 

Weight Shipping Dimensions Power 

(E:$r 11 weight 1 (c,ase) 1 
, E y  1 is 171 re 

53 Lbs. / 69 Lbs. / 22" x 15" x 115 or 230 0 to 20 feet Up to 800 
24.1 Kg. 31.5 Kg. per min., degrees F, 

50/60 Hz, adjustable adjustable 
1200 w 

11 Wedge sizes 11 Material capabilities Ambient condition 
extremes 

and other geomembranes 

http:!/ a ' .plasticweldingtechnologies.com/wedge.htm 



e Plastic m i n g  Technologies; Wedge Welders for Plastic Fabrication 

The "Mini-Wedge'' is the ideal wedge welder for overlap seaming of PVC, Polypropylene, 
Hypalon, XR-5 and other flexible Geomembranes. Its light weight makes it easy to maneuver 
and control even thin materials in high ambient temperature situations. The "Mini-Wedge" is 

alternative to sewing. 

Features: 

I 
I also great for high speed seaming of non-woven geotextiles and other geosynthetics as an 

WEDGE 

0 Light weight (1 5 pounds) 
0 No remote transformer 
0 Simply plug it in to standard 110 or 220V supply 

Self-contained with on-board temperature and speed controls 
0 Easy to operate 
0 Versatile 

Backed by the best service in the business! 

Material thickness range Weld width 
PE: Up to 40 mil (1 .Omm) 
PVC: Up to 100 mil (2.5mm) 
PP: Reinforced-Up to 45 mil (1.2mm) 

Other flexible materials up to 100 mil 
(2.5mm) 
Nonwoven geotextiles up to 16 oz. per sq. 
va rd 

2 (50mm) with or without air 
channel copper or stainless 

Non-reinforced-Up to 60 mil (1 Smm) 

(welder 

~ 

http ://www. pi asticwel di ngtechnol ogies. com/wedge. htm 711 2/04 
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Plastic Welding Technologies; Testing Equipment for Plastic Fabrication 

Home 
Contact PWT 
Products 

Wedge Welders 
* Extruders 

fnternal Air Supply 
Externial Air Supply 
Geomembrsne Welders 

Hand Held Welding fools 
Process Technology 
Roofing Products 
Testing Equipment 

* Accessor~es and PQrtS 
WeldinQ Shoes 

Se N Ice 
Parts 

+ Manuals 
+ Catalogs 
4 Troubltwhcaotitlg 

Identification o? 
Thermoplastics 

Onfine Quote Form 
UPS Tracking 
Related Links 

Testing Equipment 

Accu ra-Li te 

Features: 

' 9500 Ib. capacity "S" style load cell is built to hold up under 
hostile iob site environments and maintains its accuracy to +/-1%. 

The "Accura-Lite" is a 
lightweight machine for on- 
site destructive testing 
(peel & shear) of 
geomembrane seams. It 
meets all specifications for 
ASTM D4437, 03083, etc. 
The Accura-Lite is 
designed to handle rough 
job-site conditions but can 
be used in a labratoty 
environment as well. 

+Easy-td-use cam-lock grips are designed to accommodate up 
to 2" sample coupons (other custom grips available). 

@A "calibration check feature allows the operator to confirm the 
accuracy of the machine with the push of a button. 

@Peak-hold feature retains highest reading. 
@The test speed of the Accura-lite is adjustable from 0 to 20 inches 

per minute. This has an advantage over pre-set speeds due to 
inconsistent power supplied by generators in the field. 

@Delivery includes: "Accura-Lite" testing machine, calibration 
report, operations manual, sun visor for readout, shipping/storage 
case 

$pec@cations: 
Weight (tester only) 

Shipping weight 

Dimensions 

Power supply 

Test Speed 

Crosshead Stroke 24" Standard 

Rated Capacity 500 Ibs. 

40 Lbs. I 18 Kg. 

66 Lbs. I 3 0  Kg. 

36" x 9" x 7" high 

115 or 230 V AC, 50/60 Hz 

0 to 20 Incheslmln. adjustable 

Portable Tensiometer - Examo 
Technical Data Examo 300F Examo 600F 
Power consumption v -  120.230 120.230 

http:// a .plasticweldingtechnologies.com/testing.htm 



Plastic \;..g Technologies; Hand Held Welding Tools for Plastic F e i o n  

Home 
Contact PWT 
Products 

Wedge Welders 
Extruders 

fnternak Air Supply 
External Air Supply 
Qeomembmns Welders 

* Hand Held Welding Tools 
* Process Technology 
* Roofing Products 

Testing Equipment 
* Accessories and Parts 

Welding Shoes 
Service 

Parts 
Manuals 

* Catalogs 
Trou blsshdati ng 

* Identificatton of 
Thermoplastics 

Online Quote Form 
UPS Tracking 
Related Links 

HAND HELD WELDING TOOLS 

Repair welding and forming of bumpers, air conditioning systems, heating units, spoilers, batteries, lamps. tanks for petrol, oil and water, together with complete 
bodyworks sections for motor vehicles. Shrinking and solder shrinking of electronic and electrical interconnect devices and connections. 

C €  

. .  

Technical 
Data 

Air flow 
TRIAC 

... - 
Order No. 

1 G2 

Pressure 
stat. 
Pa 

a. 3w)O (31 
mber), 

after 24 h 
operating 

tlme 

- 
- 

'r Vowage consumption 

Emission 
level 

steplessly 
controlled 

Accessories for the Triac PID 

Accessories for the Triac S 

http://www . pl asti cweldi ngtechnologi es. cornhandtool. htm 7/12/04 



Plastic Welding Technologies; Landfill Construction 

Horrte 
Contact PWT 
Products 

Wedge welders 
Extrudeus 

lnt'ernak Air Supply 
Exffernial Air Supply 
Geomemblans Welders 

* Hand Held Welding Tools 
Process Technology 

4 Roofing Products 
Testing Equipment 
Acccssorles and Parts 
Welding Shoes 

SelrVlC@ 
* Parts 

Manuals 
Catalogs 

4 Troubleshootinfj 
Identtficstion of 
Thermoplastlcs 

Ontine Quote Form 
UPS lrecking 
Relsted Links 

LANDFILL CONSTRUCTION - Hand extruder with integrated air supply (Autoair) 
Autoalr hand extruders with Integrated preheat air supply provide maxlmum flexibility in workshop and field welding applications. Thanks to the on- 
board preheat air blower, the machine does not depend on an external air source. 

The extruder comes with the following accessories: 
1 Power box wl 50 ft. of cord 
1 Welding shoe 
I Set of air nozzles 

Weld Trimmer I Parts & Accessories 

The extruder comes with the following accessories: 
1 Power box wl50 ft. of cord 
1 Welding shoe 
1 Set of air nozzles 

4-15 mm 
film thicknesses 

mm from I mm 

Weld Trimmer I Parts & Accessories 

http:// a . pl asticweldingtechnol ogies. codgeo. htm 

The extruder comes with the following accessories: 
1 Power box wl50 ft. of cord 
1 Welding shoe 
1 Set of air nozzles 



Plastic \.ng Technologies; Landfill Construction 

3.9 kglh, 0 5 PPI  PE round rod wall thicknesses 

film thlcknesses 
From 1 mrn 

mm 0 4 / 5  mm 
2.5 kgh, 0 4 

rnm 

570 

Weld Trimmer I Parts & Accessories 

GMA-50-D 

The extruder comes with the following accessories: 
1 Power box w150 ft. of cord 
I Weldlng shoe 
1 Set of air nozzles 

Ikmi 
2.0 - 6.2 b l h  

dependent on granulate I 

MA-60-D 
3.8 kgIh,0 4mm 

~~ 

Weld Trlrnmer I Parts & Accessories 

The extruder comes with the following accessories: 
1 Power box wl 50 ft. of cord 
1 Welding shoe 
1 Set of air nozzles 

IF 11 Max. weldlna rate 11 Weldlna 11 Kind of 11 Application 11 Welght 11 Length 11 

II film thicknesses 

Weld Trimmer I Parts & Accessories 
I_ - 

The"X3-WGEO Extrusion Welder -the ultimate extrusion welder for the serious geomembrane installer. The X3-WGEO is 
perfect for high-production patching and is also built to hold up to continuous use applications such as tie-in seams. With its high 
air volume pre heater, the X3-WGEO is also ideal for production welding of HDPE pipe, sheet stock and other thermoplastic 
structure fabrication. 

Y 

h t t p : / / m .  plasticweldingtechnologies.com/geo. htm 7/12/04 



I Plastic Welding Technologies; Landfill Construction 

2200 Watts, 220 VAC, 
50-60 HZ mll thickness. PE d PP 

requirement 

4000 Watts. 
18 Amps, Up to 12 Lbs. I 

5.4 Ka. Der hour II 11 220 VAC, SO- 1 II 11 pipe, sheet stock, etc. 11 - .  

Wefd Trimmer I Parts & Accessories 

0 Copyright 2003 Plastic lveldmgs Technologies, Inc. 

http:// a .plasticweldingtechnologies.com/geo.htm 



For non-destructive vacuum testing of welded seams. 

The latest in vacuum 
testing t e c h  ol o g  

Self contained version available in sizes from 
10” X 24” to 10” X 48”. 

Exclusive control box with switch to 
turn vacuum on and off Study PVC 

block prottots gauge. 

0 The revolutionary V-Plate is.. ... 
Light: Making it easy to move from one test to the next with very little effort. 

Flexible: Easily creating an initial vacuum seal over uneven areas and wrinkles. 

Low Profile: Preventing liner from pulling up into the chamber, damaging the material. 

Economical: Low cost replacement sight plates available with pre-attached foam gaskets. 

Versa tile: The V-Plate can be used with a vacuum pump or an air compressor and can 
be ordered in just about any size or shape to fit your testing application. 
Contact us for information on available sizes and shapes. 

Call “Demo” Dave McLaury for more information at (888) 324-WELD 

DE Another quality produd by 

* Prices vary depending on shape and viewing area size. Custom sizes and shapes available upon request Contact us for details. 

DEMTECH Services, Inc. P.O. Box 2165, Placerville, CA 95667 6414 Capitol Ave., Diamond Springs, CA 95619 
www.demtech.net (888) 324-WELD (9353) (530) 621-3200 Fax: (530) 621-0150 demodave@demtech.net a 



Product Data Sheet 

GSE UltraFlex Textured GSE STANDARD PRODUCTS 

Elongation at Break, % 

Tear Resistance, Ib (N) 

Puncture Resistance, Ib (N) 

GSE UltraFlex Textured is the coextruded textured version of GSE Ulh-aFlex. It is  a high quality, linear low density poly- 
ethylene (LtDPE) geornernbrane with one or two coextruded, textured surfaces, and consisting of approximately 97.5% 
polyethylene, 2.5% carbon black and trace amounts of antioxidants and heat stabilizers; no other additives, fillers or 
extenders are used. The resin used i s  a specially formulated, proprietary virgin polyethylene and i s  designed specifically 
for flexible geomembrane applications. GSE UltraFlex Textured has excellent resistance to UV radiation and is suitable 
for exposed conditions. This product allows projects with greater slopes to be designed since frictional characteristics 
are enhanced. These product specifications meet or exceed GRI GM 17. 

Pmduct Specifications 

C.L. = 2.0 in (51 rnm) 500 500 500 

ASTM D 1004 45,000 Ib 22 (98) 33 (147) 44 (200) 

ASTM D 4833 45,000 Ib 48 (214) 73 (325) 97 (432) 

LUT040A000 LUT060A000 LUT080A000 

Thickness, mils (mm) or per project specs ASTM D 5994 every roll 36 (0.91 54 (1.4) 72 (1.8) 

Density, dcmJ ASTM D 1505 200,000 Ib 0.92 0.92 0.92 

Oxidative Induction Time, minutes 

Roll Length (approximate), ft (rn) 

Roll Width, ft (m) 

Roll Area, ft' (m') 

ASTM D 3895,200' C 0 2 , l  atm 200,000 Ib >loo >loo >loo 

700 (21 3) 520 (1 58) 400 (1 22) 

22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

15,750 (1,463) 1 1,700 (1,087) 9,OOO (836) 

I Carbon Black Content, YO I ASTM D 1603 I 20,000 Ib I 2.0 I 2.0 I 2.0 

Carbon Black Dispersion ASTM D 5596 45,000 Ib +Note 1 .  +Note 1 +Note 1 

Asperlty Height CRI CM 12 second roll +Note 2 +Note 2 +Note 2 

Notes: 

+Note 1 : Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. No more than 1 view from Category 3. 

+Note 2: 10  mil average. 8 of 10 readings r7 mils. Lowest individual z 5 mils. 

GSE UltraFlex Textured is  available in rolls weighing about 3,900 Ib 11,769 kg). 

'The combination of stress concentrations due to coexhusion texture geometry and the small specimen size resulk in large variation of test resulk. Therefare, these ten- 

All GSE geamembranes have dimensional stobilib of t2% when tested with ASTM D 1204 and LTB of ~ - 7 7 ~  C when tested wih ASTM D 746. 

sile properties are average roll values. 

DS016 RW10104 

Americas GSE Lning Technology, Inc Houston, Texas 800-435-2008 281-443-8564 Fax 281 -230-86SO 
Europe/Middle East/Africa GSE Lining Technology GmbH Hamburg, Germany 4944767420 Fax 49-40-7614233 . 
Aria/Pao'fic GSE Lining Technology Company Ud Bangkok, Thailand 66-2-937-0091 Fax 66-2-937-0097 

fin product doto sheet b aka avoilabe on our Vebsite at 

www.g seworld.com 



GSE STANDARD PRODUCTS 

Puncture Resistance, Ib (N) 

Carbon Black Content, % 

Carbon Black Dispersion 

GSE UltraFlex 

ASTM D 4833 45,000 Ib 46 (205) 62 (276) 92 (409) 123 (547) 

ASTM D 1603 20,000 Ib 2.0 2 .o 2.0 2 .o 
ASTM D 5596 45,M)o Ib +Notel +Notel +Notel +Notel 

GSE UltraFJex i s  a high quality, linear low density polyethylene (LLDPE) geomernbrane produced from specially 
formulated, virgin polyethylene with outstanding flexibility. This polyethylene resin is designed specifically for flexible 
geornembrane applications. Its high uniaxial and multiaxial elongation characteristics make it very suitable For 
applications where differential or localized subgrade settlements are expected such as leach pads, landfill closure caps, 
or any application where elongation or puncture resistance i s  critical. GSE UltraFlex contains approximately 97.5% 
polyethylene, 2.5% carbon black and trace amounts of antioxidants and heat stabilizers; no fillers or extenders are used. 
GSE UltraFlex is the only material of its type on the market with many years of proven performance in applications 
throughout the world. These product specifications meet or exceed GRI GM 77. 

Oxidative Induction Time, minutes 

Roll Length (approximate), ft (m) 

Product Specifications 

"100 I ASTM D 3895,200' C 1 ATM 200,000 Ib I >loo >loo >loo 
I 1,120 (341) 870 (265) 560 (171) 430 (131) 

Product Code LLD LLD LLD LLD 
030A000 04OAOOO 060A000 080AOOO 

Thickness, mils (mm) or per project spea ASTM 0 5199 every roll 27 (0.69) 36 (0.91) 54 (1.4) ,72 (1.8) 

Density, g/cmJ ASTM D 1505 200,000 Ib 0.92 0.92 0.92 0.92 

Tensile Properties (each direction) ASTM D 6693, Type IV 20,000 Ib 

Strength at Break, Ib/in-width (N/mm) Dumbell, 2 ipm 1 14 (20) 152 (27) 228 (40) 304 (53) 

Elongation at Break, % G.L. = 2.0 in (51 mm) 850 850 850 850 

Roll Area, ft2 (m*) 

Tear Resistance, Ib (N) I ASTM D 1004 

25,200 19,575 12,600 9,675 I (2,341) I (1,819) I (1,171) I (899) I 
I 22.5 (6.9) I 22.5 (6.9) I 22.5 (6.9-.5 (6.9) I Roll Width, ft (m) I I 

05003 R03/08/04 

This informotion i s  prowded for mkrence purposes only ond is not in& os a worronIy or gwmnm GSE assumes no Iiobdily in connechon w~th the use of this information P h s  check with 
GSE for current, smndard minimum qwky oswronce praeduwS ond @hcohw. 

GSE and other marts used in this document are bademarks and s e m  marks d GSE Linlq Technology, Iw, certam d whsh are registered m mS U SA. and othef m u m .  

Americas GSE Lining Technology, In(. Houston, Texor 800-435-2008 281-443-8564 Fax: 281-230-8650 
Europe/Middle East/Africo GSE Lining Technology GmbH Hamburg, Germany 
Asia/Pacific GSE Lining Technology Company lid. Bangkok, lhiland 66-2-937-0091 Fax: 66-2-937.0097 

49-40-767420 . FOX: 4940.7674233 

fiis produrt doto she/ k also uvailuie on wr wki/e ut: 

www.gsew orld.com 



GSE Lining Technology, Inc. 
1910: Grldie Road 
kaszn. Texas XI73 
x - m  

13 July 2004 

Dan Lahr 
Colorado Lining. 
1062 Singing Hills Road 
Parker. CO 80138 

Re: Ro&y Flats Present Closure 
GSE Project No. 5 I5 I22 

The undersigned, being qualified and authorized to do so. hereby certifies that standard GSE 60 
mil average Double-sided Te-dure LLDPE geomembratie and the GSE 60 mil average Smooth 
LLDPE will meet or exceed the following spec3ed properly values and/or conditions: 

0 - 
GSE LLDPE will meet a Density value of 2 0 9 I 5 g'cc for resin and a dcnsltF value of '> 
0.920 g/cc for geoniembrane per ASTM D 1505. 
GSE LLDPE will meet B h?eh Jndes value <I .O g/lO minutes per MTM D1238, 
GSE LLDPE will meet an Oxidation Induction Time value of 2 100 minutes per ASTM 
D3895. 

Regards, 

a 

Jirnrtiy Yuungblucid 
GSE Technical Support Specialist 



Houston, Texas 77073 
800-435-2008 
28 1-443-8564 
Fax: 281-230-8650 

July 3 1,2003 

Dan Lahr 
Colorado Lining Co. 
1062 Singing Hills Road 
Parker, CO 80 13 8 

CERTIFICATION 

This is to certify that Colorado Lining Co. is an approved.and authorized Dealer and 
installer of GSE products. As an authorized Dealer of GSE, Colorado Lining Co. has 
been provided with a copy of GSE’s proprietary product manual containing the data. 
sheets of all GSE’s products, and the GSE Field Installation quality assurance manual. 
As an authorized Dealer of GSE, Colorado Lining Co. has access to GSE’s Technical 
Department representatives who can respond to questions on specifications and 
installation techniques. Individual employees of authorized GSE Dealer may have 
participated in training programs sponsored by GSE at its headquarters in Houston, 
Texas. 

Regards, 

4 

David Leggett 
V.P., Dealer Sales 

DL:cdb 

Corporals Headquarters GSE Linin0 Tsrhnalogy, lo(. 19103 Gundl8 R o d  Houston, lsxm 17073 800-435.2008 281-443-8564 Fox: 201.230.8650 

A G u n d a B L I h m m m ~ ,  I n  Cmnmv 
www.greworId.com 
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Foreword 

This manual contains proprietary information belonging to GSE lining Technology, Inc. This information is intended to 
provide a summary of standard quality procedures practiced by GSE's Manufacturing Quality Assurance Laboratories 
in Houston, Texas. These procedures apply to standard geomembrane materials only and do not explicitly address non- 
conforming materials. 

This manual replaces in its entirety and supersedes all earlier versions issued by GSE Lining Technology, Inc. We suggest 
you maintain contact with your GSE representative to confirm the validity of this version at Future dates. 

GSE Lining Technology, Inc. reserves the right to change, modify, or discontinue the use of the policies and procedures 
described herein without notice or prior consent except a s  contractually obligated otherwise. 

Manufacturing Quality Assurance Manual 

This information is  provided for reference purpores only od is not i n d e d  os o wormnly or gmmnlee. G S E  ossumes no liobilily in connection with the use of this information. P k s e  check with 
GSE for current, shdord minimum quolity o s m n c e  procedures ond specifimtiortr. 

GSE and other m a w  used in thii rbcument are trackma& and service marks of GSE Linlng Technology. Im; Certain d which are registered in the U.SA. and ather m u m .  
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GSE Geomembranes Manufacturing Quality Assurance Manual 

Overview 

1. QUALITY MANIFEST 
GSE Lining Technology, Inc. i s  commiited to providing the highest quality products and services to our customers. This 
requires a Firm, total quality commitment from all individuals within our organization that we will only supply materials 
that meet or exceed the requirements and specifications of GSE and our customers. 

GSE's commitment to quality starts with the highest quality raw materials. The quality of incoming raw materials i s  con- 
trolled at  the supplier level with a complete vendor evaluation program in place. This means purchasing only From s u p  
pliers who are committed to statistical process control thereby providing a consistent, high level of quality assurance of 
their products. 

II. MANUFACTURING QUALITY ASSURANCE 
GSE Lining Technology, Inc. has an on-site Manufacturing Qualify Assurance Laboratory at each manufacturing plant. 
Having a fully equipped, well staffed, dedicated laboratory at each of the manufacturing Facilities allows GSE to main- 
b i n  a high level OF quality and uptdheminute results on finished products. Each facility follows the same guidelines for 
evaluating the quality of GSE products and is capable of adapting to marketdriven requirements. 

A. Objective 

The objective of the GSE Quality Assurance program is to define implementation of basic manufacturing 
quality assurance (MQA) procedures necessary to ensure consistent production of quality products sup 
plied to the geosynthetic market. Note that at this time, these procedures are limited to polyethylene 
geomem branes. 

B. Scope 

In order to achieve GSE's stated purpose, a rigorous set of minimum standards and an effective test pro- 
gram to assure compliance has been established. These procedures and requirements are frequently 
reviewed and adjusted to assure compliance with current market demands and/or predetermined project 
specifications. These procedures assure that raw materials and process parameters are controlled to pro- 
vide products complying with GSE's predefined minimum characteristics. 

111. MANUFACTURING QUALITY ASSURANCE ORGANIZATION 
This organization consists of the Manufacturing Quality Assurance Laboratories a s  well a s  the manufacturing personnel. 
The combination of expertise and experience from these groups provides GSE with the proper tools to maintain the high- 
est level of quality and customer service in the industry. 

The Quality Assurance Department at GSE i s  charged by the President to assure that only products meeting both GSE's 
and the customer's requirements are released for shipment. The Quality Assurance personnel are directly responsible for 
monitoring testing and providing feedback to the manufacturing department to ensure the production of the specified 
product quality. Each member of the Quality Assurance team must participate in detailed training that includes Factory 
exposure. 

IV. STAFF AND SCHEDULING 
The Quality Assurance Laboratories are staffed whenever manufacturing i s  occurring; this is usually 24 hours per day, 
365 days per year. This minimizes the amount of potentially inferior product produced before a manufacturing problem 
is identified. 

MOA R@3/111D4 
3 

This infwmalion is provided for reference purposes o n b  ond is nut intended os o worronty or g w m n b e .  G S E  o w m e s  no liability in connection with the use of this infwmotion. P k e  check with 
GSE f o r  cunent, sbndord minimum qwlity atwmnce pmcedurer ond specificotions. 

GSE and other marks used in'tbis dmumnt are bademarbs and service marks of GSE Lining Technology. Inc; certain of which are mgistered m ttw U.S.A. and other m u m  



V. PRODUCT IDENTIFICATION AND DOCUMENTATION 
A. Roll Numbering 

Each roll of geomembrane is assigned a unique roll number. The Quality Assurance laboratory maintains 
records documenting the raw materials and resulting product quality information. 

6. Approval Procedure 

Results far each tested roll of product are checked against both GSE and customer specifications For com- 
pliance. The Quality Assurance Laboratory approves those materials that meet both of these requirements 
for shipment. 

C. Non-Conformance 

Material h a t  does not meet GSE minimum standards is given a roll number but i s  rejected and not placed 
into inventory. The material is  identified a s  scrap and will not be utilized. 

Material h a t  meets GSE minimum standards but does not meet a stricter customer specification is not allu- 
cated to that customer but is placed into inventory a s  GSE standard material. 

D. Documentation 

individual Quality Assurance Certificates are generated and supplied for each roll of geomembrane prod- 
uct to include all relevant quality assurance information about the material(s). 

VI. RECORDS RETENTION 
GSE maintains reports and/or samples for products produced and sold. Records and/or samples are maintained accord- 
ing to GSE's standard retention policy according to the item. 

Raw materials 

Ceomembrane 

Resin Supplier Test Reports and Certifications 
CSE Resin Test Reports 
Resin Sample Retain (Archive) 

22 
22 
22 

Raw Test Data (in computer database) 
Quality Control Certificates (in computer database) 
Sample Retain lapproximately one square foot) 

I I 

VII. TESTING CAPABILITIES 
GSE maintains high capacity, stateof-theart laboratory equipment suitable for performing the procedures listed in 
Appendices A-D. GSE's Houston laboratories are accredited by the GAI-IAP program. GSE's Houston laboratories, as  
part of GSE's Product Division, also hold IS0 certification. The appropriate certificates ore maintained for review upon 
request by authorized parties. 

A. Routine Testing 

Through careful investigation, GSE has developed a strict and thorough Quality Assurance program that 
exceeds the vast majority of customer specifications including GRI GMl3, "Test Properties, Testing ' 

M W  ROW1104 
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Frequency and Recommended Warranty for High Density Polyethylene (HDPE) Smooth and Textured 
Geomembranes" and GRI GM17 "Test Properties, Testing Frequency and Recommended Warranty for 
Linear Low Density Polyethylene (LLDPE) Smooth and Textured Geomembranes". The testing program cov- 
ers raw materials (see Appendix A) and finished goods (see Appendix B) and is adhered to at all GSE 
laboratories. The laboratory equipment used by GSE represents the most modern equipment available and 
meets or exceeds the requirements of all the test standards used. 

8, Other Testing Capabilities 

In addition to routine testing, GSE laboratories are equipped to perform a wide variety of other tests as 
required for unusual requests or product development. Further, although the GSE Quality Assurance 
Laboratories are fully equipped and able to perform most routinely specified tests in the industry, here are 
some tests that are more economically performed by a dedicated testing facility. GSE believes require 
ments for such testing should be carefully considered and defined in terms of specific design requirements 
if  they are found to be necessary. 

VIII. MATERIAL QUALITY ASSURANCE 
GSE Lining Technology, Inc. has established strict specifications for all raw materials and finished products. Test results 
must full within the acceptable limits of GSE and customer specifications. 

i A. Raw Material 

GSE primarily uses two types of raw materials, "natural resin" and "masterbatch" in the manufacture of 
geomembrane products. Natural resin is the base material that is used to make a geomembrane. It con- 
tains stabilizers to prevent degradation from occurring during and after extrusion. "Masterbatch" i s  the 
term referring to the concentrated carbon black material used with the natural resin to produce the finished 
product. The natural resin and masterbatch are blended at the appropriate ratio at the manufacturing 
stage. The masterbatch can contain other additives depending upon the geomembrane product to be pro- 
duced. GSE verifies the properties of each lot of raw material prior to their utilization. 

When natural resin is received, samples are taken and subjected to the tests outlined in Appendix A. All 
test data are entered into the computer database and checked for accuracy, consistency and compliance 
with GSE specifications. The material is not accepted unless all standard test requirements are met and the 
GSE test values meet the requirements set forth in the raw material specifcations. 

Copies of the supplier's certificate of analysis (COA) for each lot of resin utilized in the production of the 
materials supplied to a specific project are supplied as standard documentation. In addition, the GSE test 
results for each lot of resin are provided in a separate report upon request. 

Virgin resin is normally received in rail car lots. If resin is  received by other transport and/or in other quan- 
tities, an equivalent suitable sampling procedure i s  provided (i.e. not less than one sample per shipment 
or one sample for each 50,000 Ib., 23,000 kg) 

6. Geomernbrane Products 

GSE has implemented a strict and thorough Quality Assurance program For all geomembrane products. 
The geomembrane product line can be broken into two primary categories: smootfi and textured products. 
Tables containing GSE minimum properties and test frequencies for all GSE geomembrane products includ- 
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ing specialty products such as GSE White (light-reflective geomembrane) and GSE Conductive (field spark- 
testable geomembrane) are in Appendix B. 

I .  On-Line Manufacturing Quality Assurance 

The Quality Assurance program for finished product begins during the manufacturing process. Each man- 
ufacturing line i s  equipped with stateof-theart monitoring devices that provide feedback on the physical 
quality of the materials being produced. Each geomembrane production line is  equipped with both a 
thickness gage and spark-ksting device. 

a) Thickness Measurement 

As geomembrane is being produced, thickness readings are taken continuously over the length and 
width of the roll. These data are used to establish the minimum, maximum and average thickness 
values for each roll and are verified by thickness testing upon sampling of the finished goods. 

b) Spark Testing 

An electrical spark detector is  in place on each manufacturing sheet line. This apparatus provides 
immediate notification of holes in the finished product. If a hole is detected, an alarm is triggered 
and the hole is identified. Rolls containing holes are rejected from standard product inventory. 

2. Smooth Geomembrone Materials 

Smooth geomembrane products available include high density and linear low density polyethylene mate 
rials with 2-3% carbon black. Specialty materials include White, electrically conductive, green surfaced, 
and smooth edge textured gkmembranes. 

a) Sampling 

'Geomembrane rolls are sampled for QA testing according to the frequencies in Appendix B. An 
approximate on&t by roll width sample is cut for Quality Assurance testing. Specimens for test- 
ing are taken from five predetermined positions across the width of the roll. Specimens are cut for 
testing the machine direction and transverse direction. A "retain" or archive sample approximate 
ly 12 x 12 inch (30 x 30 cm) is taken from the corresponding transverse direction position from 
the laboratory sample. The retain is labeled and kept for Future reference (see Section VI). 

b/ Evaluation of Resulk 

All data are entered into a computer database for calculation and comparison to GSE and cus- 
tomer-specific specifications. If materials do not meet GSE minimums and/or the customer specih- 
cations, the manufacturing personnel are immediately notified in order for the appropriate adiust- 
ments to be made. Only products meeting GSE minimums and customer specifications will be 
approved for shipment. 
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a Overview 

cj Reporting 

Every roll of material has a quality assurance roll certificate or Roll Test Data Report (RTDR). This 
report identifies the standards on which the GSE approval is based along with the actual test results 
demonstrated by the material. 

3. Coextruded Textured Geomembranes 

Textured geomembrane is produced utilizing a round die with coextrusion technology. The texture is pro- 
duced in a process in which one or two of the outer layers of a thredayer extrusion are blended with nitro- 
gen gas. Nitrogen bubbles Form in the molten resin and exape upon exiting the die, creating a rough, 
textured surface. Regular, White, green surfaced, and conductive geomembranes are available with coex- 
truded texturing. 

of Sampling 

Geomembrane rolls are sampled for QA testing according to the frequencies in Appendix 6. An 
approximate onefoot by roll width sample is  cut for Quality Assurance testing. Specimens For test- 
ing are taken from five predetermined positions across the width of h e  roll. Specimens for testing 
the machine and transverse direction tensile are cut from each of the five positions. A "retain" or 
archive sample approximately 12 x 12 inch (30 x 30 cm) is taken from the corresponding trans- 
verse direction position from the laboratory sample. The retain is labeled and kept For future ref- 
erence (see Section VI). 

Evaluation OF results and reporting practices are the same as for smooth geomembranes. 

C. Third fa* Conformance Sampling 

Some specifications require independent Quality Assurance and/or conformance testing. GSE can pro- 
vide assistonce with the sampling of products by arranging for the conformance samples to be taken dur- 
ing production. By taking samples during production rather than on site, the customer can be assured that 
h e  samples are clean and available for conformance testing in a timely manner. 

GSE encourages customers to audit GSE manufacturing and manufacturing quality assurance operations 
and/or to collect samples and conduct independent conformance testing prior to shipment of materials. 

MQ4 RW111D4 
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Appendix A - Midmum Testing Frequencies und Properties for GSE Raw Moterials 0 

Melt~tow S e x  

01T 

Carbon Black Content 

Carbon Black Dispersion 

MINIMUM TESTING FREQUENCIES FOR GSE RAW MATERIALS 

ASTM D 1238 (1 90/2.16) 
ASTM D 3895 (1 ATM at 2000 0 

Once per rail car compartment 

once per resin lot 

ASTM D 1603, m o d i f d  N/A 

ASTM D 5596 NA 

I ASTM D 1505 I Once per rail car compartment I 

' GSE ufilizer test equipment and +res that enable ef fech and gonomiwl confirmation that the product will conform b sptxifice 
h a  based on the noted p r d u r e s .  Some test procedures hove been modified for application to geosynthels. All procedures and vulues 
ore rubjgt  to chonge without prior notification. 

MINIMUM PROPERTIES FOR GSE RAW MATERIALS 

ASTM D , 1 505 0.932 0.91 5 
Melt Flow Index [g/ lO min] ASTM D 1238 (19012.1 6) 5 1.0 s 1.0 

OIT [minutes] ASTM D 3895 (1 ATM at 200' 0 100 100 
~ 

' GSE utilizes test equipment ond procedures that enable effective and e=onomiwl confirmation that the product will conform to specifics- 
h r  based on the noted procedures. Some tee p d u r e s  have been modified for application to geosynthetics. All procedures and vulues 

are subject to change without prior notification. 
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GEE Geomembranes Manufacturing Quality Assurance Manual 

030A000 MOA000 060A000 080A0001OOAOOO 

ASTM D 5199 every roll 27 (0.69) 36 (0.91) 54 (1.4) 72 (1.8) 90 (2.3) 

,AsTM D 1505 200,000 Ib 0.94 0.94 0.94 0.94 0.94 

' ASTM D 6693, Type IV 

, Dumbell, 2 ipm 122 (21) 162 (281 243 (43) 324 (57) 405 (71) 

63 (1 1) 84 (1 5) 130 (23) 173 (30) 21 6 (38) 

20,000 Ib 

(3.1. 2.0 in (51 mrn) 700 700 700 700 700 

G.L. 1.3 in (33 mm) 13 13 13 13 13 

Appendix B - Minimum Testing Frequenries a d  Properties for GSE Geomembrcmes 

I HDE 
I TESTED PROPERTY 

HDE HDE HDE HDE lPmdud Code 
Thickness, mils (rnm) or per project spec! 

Density, g/cmJ 

Tensile Propelties (each direction) 

Strength at Break, Win-width (N/mm) 

Strength at Yield, IMn-width (N/mm) 
Elongation at Break, YO 
Elongation at Yield, YO 

Tear Resistance, Ib (N) I Puncture Resistance, Ib (N) 

(Carbon Black Content, % 

Carbon Black Dispersion 

Notched Constant Tensile Load, hrs I 

MINIMUM PROPERTIES FOR GSE HD 

ASTM D 1004 45,000 Ib 21 (93) 28 (125) 42 (187) - 5 6  (249) 70 (31 1) 

ASTM D 4833 45,000 Ib 59 (263) 79 (352) 11 9 (530) 158 (703) 198 (881 1 
ASTM D 1603 20,000 Ib 2.0 2.0 2 .o 2.0 2.0 

ASTM D 5397, Appendix 200,000 Ib 400 400 400 400 400 

ASTM D 5596 45,000Ib +Notel +Notel +Notel +Notel +Notel 

Oxidative Induction Time, minutes ASTM 0 3695,200" C; 200,000Ib >IO0 >lo0 >lo0 >lo0 >IO0 
02, 1 atm 

Roll Length (approximate), ft (m) 1,120 (341 : 870 (265) 560 (1 71) 430 (1 31 ) 340 (1 04) 
Roll Width, ft (m) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

Roll Area, ft? (ml) 25,200 19,575 12,600 9,675 7,650 
(2,341 1 (1,819) (1,171 (899) (71 1) 

NOTES: 

+Note 1: Dispersion only opplilr to nenr spherical ogglomerotes. 9 of 10 views sholl be Cotegory 1 or 2. No more fhan 1 view from Cogory 3. 

GSE HD is available in rolls weighing obout 3,900 Ib 11,769 kg) 

All GSE geomembmnes have dimendond stobilily of &% when tested wilh ASTM D 1204 and LTB of c-Tp C when tested with ASTM D 746. 
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Appendix B - Nlinimum Testing Frequencies and Properties for GSE Geommbrunes @ 
MINIMUM PROPERTIES FOR GSE WHIT€ 

. . ._ ,, : . 
.*+A- &&, 
?.:"~-::.*.< .:.---.rcC., $1; 

HDE 

1 00AOlO 
Product Code 

I I I 030A010 I M A 0 1  0 I 060A010 
72 (1.8) 90 (2.3) Thickness, mils (rnrn) or per prqect spec ASTM D 5199 every roll 27 (0.69) 36 (0.91 54 (1.4) 

lASTMD1505 200,000 Ib 0.94 0.94 0.94 

122 (21 162 (28) 243 (43) 

63(11) 84(15) 13003) 

700 700 700 

13 13 13 

ASTM D 1004 45,000 Ib 21 (93) 28 (125) 42 (187) 

ASTM 0 4833 45,000 Ib 59 (263) 79 (352) 11 9 (530) 

ASTM D 1603, black layer 20,000 Ib 2.0 2.0 2.0 

ASTM D 5397, Appendix 200,000 Ib 400 400 400 

ASTM D 5596 45,000Ib +Note 1 +Notel +Note 1 

0.94 

324 (57) 

173 (30) 
700 

13 

56 (249) 

0.94 

405 (71) 

216 (38) 

700 

13 

70(311) 

I98 (881) 

Tensile Propenies (each direction) 

Str&gth at Break, Ib/in-width (tVrnm) 

Strength at Yield, Ib/in-width (N/rnm) 

Elongation at Break, 'YO 

Elongation at Yield, 46 
Tear Resistance, Ib (N) 

ASTM D 6693, Type IV 

, Durnbell, 2 ipm 

20,oOO Ib 

I 

C.L. = 2.0 in (51 mm) 

C.L. = 1.3 in (33 rnrn) 
I ' 

Pundure Resistance, Ib (N) 

Carbon Black Content', % 

158 (703) 

2.0 

+Note 1 

2.0 

+Note 1 Carbon Black Dispersion 

Notched Consthnt Tensile Load, hrs 400 400 

- +.;<i. ,:- 
- ' 2 4 L . 2 -  

>loo 

r .- - . !r: 

40 (1 04) 
2.5 (6.9) 

7,650 
(71 1) 

Oxidative Induction Time, minutes 200,000 Ib > lo0 >IO0 

1,120 (341) 870 (2651 
22.5 (6.9) 22.5 (6.9) 

25,200 19,575 
(2,341 1 (1,819) 

ASTM D 3895,2000 C; 
02, 1 atrn 

Roll Length (approximate), k (m) 

Roll Width, ft (rn) 
Roll Area, k' (m') 12,600 

NOtUs: 

+Nota 1 : Dispersion only applies to near spherical ogglomemtes. 9 of 10  views shall be Category 1 or 2. No more than 1 view from Category 3. 

GSE White is available in rolls weighing about 3.900 Ib (1,769 kg). 

' GSE White nwy have an overall ash content grea+r thon 3.0% due b the white layer. 

0 All GSE geomembraner have dimsionof stabi l i ly  of 22% when r e d  with ASTM D 1204 and LTB of 47" C when tested wilh ASTM D 746. 
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Appendix B - wlinimum Testing Frequencies and Properties for GS€ Geomenduarnes 

MINIMUM PROPERTIES FOR GSE CONDUCTIVE 
TY EST METHO 

Product Code 

Thickness, mils (mm) or Der Droiect specs ASTM D 5199 
Densitv, ~cF lASTM D 1505 
Tensile Properties (each direction)' ASTM D 6693, Type IV 

Dumbell, 2 ipm 

G.L. = 2.0 in (51 mm 
G.L. = 1.3 in (33 mrr 

Strength at Break, Ib/in-width (N/mrn) 
Strength at Yield, IQin-width (N/mm) 
Elongation at Break, % 

Elongation at Yield, YO 
Tear Resistance, Ib IN) 
Puncture Resistance, lb (N) 
Cabon Black Content*, YO 
Carbon Black Diswrsion 

ASTM D 1004 

ASTM D 4833 
ASTM D 1603 
ASTM D 5596 

Notched Constant Tensile Load, hrs 1 ASTM D 5397, Appendi: 
I 

E PROPERd TEST MElHO 
Oxidative Induction Time, minutes I ASTM D 3895,200" C 

102.1 atm 

Roll Length (approximate), ft (m) 

Roll Width, ft (m) 
Roll Area, ft' (m*) 

REQ LUE 

HDC HDC HDC HDC I 04OAOOO 1 060AWD 1 08OAOOO I lOOAOOO 
every roll I 36 (0.91) I 54 (1.4) I 72 (1.8) I 90 (2.3) 
200,000 Ib I 0.94 I 0.94 I 0.94 I 0.94 
20,000 Ib 

162 (28) 
84 (1 5) 

243 (43) 
130 (23) 

700 
13 

45,000 Ib I 79 (352) I 119 (5301 1 -  '1 58 (703)- I 198 (881) 

20,000 Ib I 2.0 I 2.0 I 2.0 I 2.0 
45,000 Ib I +Note 1 I +Note 1 I +Note 1 I +Note 1 
200,0001b I 400 I 400 1 400 I 400 

200,000 I b >loo >loo >loo 

(1,819) (1,171) (899) (711) 

UOTES: 

+Note 1: Dispersion only applies b near spherical agglomerotes. 9 of 10 view shall be Category 1 or 2. No more than 1 view from Category 3. 

GSE Conductive is available in rolls weighing about 3,900 Ib (1,769 kg). 
'Due to surfora effects caused by the conductive layer, these tensile properties are minimum average values. 

'GSE Conductive may have an overall carbon black percentage above 3.0% due to the high carban black loodings in h e  conductive layer. 

All GSE geomembmnes have dimensional sbbilily of d% when tested with ASTM D 1204 and LTB of c-77' C when tested with ASTM D 746. 

MQI\ RW11104 
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Appendix B - Minimum Testing frequensies and Properties for GSE Geomembranes 

, 
! 

MINIMUM PROPERTIES FOR GSE CONDUCTIVE WHITE 

12 MCW ROW1104 

This i n h t i m  i s  povin'ded k r  reference purpmet only and is not intended as o wormnty or gmmnkre GSE (I-s no liahilify in connection with the use of this inbmotion. 
GSE for current, stondord minimum quoli i  asvrmnce procedures and rpecificafiom. 

check with 

HDC H DC 
04OAO10 06OAO10 

every roll 36 (0.91) 54 (1.4) 

20,000 Ib 

Thickness, mils (mm) or per project specs ASTM D 5199 
Density, glcm' ASTM D 1505 200.000 Ib 0.94 0.94 

Tensile Properties (each direction)' ASTM D 6693, Type IV 

I Strength at Break, Ib/in-width (N/mm) 

Strength at Yield, Ib/in-width (N/mm) 

Dumbell, 2 ipm I I 162 (28) 243 (43) 1 84i15) I 1 3 0 ( 2 3 )  
Elongation at Break, YO C.L. = 2.0 in (51 mm) 700 700 

Elongation at Yield, YO C.L. = 1.3 in (33 mm) 13 13 

28 (125) 42 (187) Tear Resistance, Ib (N) ASTM D 1004 45,000 Ib 
Puncture Resistance, Ib (N) ASTM D 4833 45,000 Ib 79 (352) 11 9 (530) 

Carbon Black Diswrsion ASTM D 5596 45,000 b +Notel +Notel 
Carbon Black Content2, % ASTM D 1603 20,000 Ib 2 .o 2.0 

~~ 

INotched ConstantTensile Load, hrs (ASTM D 5397, Appendix I 200,000 Ib I 400 I 400 

I 

2.0 2.0 
+Note 1 I +Note 1 

400 I 400 

Oxidative Induction lime, , I I'L' ' """ I I I minutes ASTM D 3895,200' C; >loo I >loo 
I I 

~~ 

ROII Length (approximate). ft (m) 870 (265) 560 (171) 430 (131) 340 (104) 
22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) Roll Widh, ft (m) 

Roll Area, ft? (ml) 19,575 12,600 9,675 7,650 
(1 ,a1 91 (1,171) (899) (71 1) 

NOTES: 

+Note 1 : Dispersion only applies to near spherical agglomarates. 9 of 10 view shall be. Cotegory 1 or 2. No more thon 1 view from Category 3. 

GSE Conductive White is available in rolls weighing about 3,900 Ib 11,769 kg). 

'Due to rurfoce &CIS caused by h e  conductive layer, hese fensite properlies ore minimum averoge values. 

'GSE Conductive White may have an overall orh content gream-hqn 3.0% due to the white and conductive outer Icyen. 

All GSE geomembmner h m  dimensional stobiliiy of t2% when tested wih ASTM D 1204 and IT8 of <-77" C when k d  with ASTM D 746. 
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Appendix B - M m m m  Testing Fregrrer#ies ad Properties for GSE Geomembraws 

MINIMUM PROPERTIES FOR GSE HD TEXTURED 

)ensin/. &rnl I ASTM D 1505 I 200,000 Ib I 0.94 I 0.94 
rensile Propenies (each direction)' ASTM D 6693, Type IV 20,000 Ib 

Strength at Break, Ibiin-width (N/mm) Dumbell, 2 ipm 45 (8) 60 (1 1) 
Strength at Yield, Ib/in-width (N/mrn) 63 (11) 84 (15) 
Elongation at Break, YO G.L. = 2.0 in (51 rnm) 150 150 
Elongation at Yield, 56 C.L. = 1.3 in (33 mm) 13 13 

rear Resistance, Ib IN) ASTM D 1004 45,000 Ib 21 (93) 28 (125) 
'uncture Resistance. Ib (N) ASTM D 4833 45,000 Ib 54 (240) 72 (320) 

:arbon Black Content, YO I ASTM D 1603 I 20,000 Ib I 2.0 I 2.0 
7arbon Black Dispersion I ASTM D 5596 I 45,000 Ib I +Note 1 I +Note 1 
4sperity Height CRI CM 12 second roll +Note2 +Note2 

dotched Constant Tensile Load', hrs ASTM D 5397, Appendix 200,000 Ib 400 400 

3xidative Induction Time, minutes ASTM D 3895,200' C; 200,000 Ib >loo >loo 
02, 1 atm 

Standard Textured <oil Length (approximate), ft (m) 830 (253) 700 (213 
toll Width, ft (rn) 22.5 (6.9) 22.5 (6.9, 
toll Area, ft2 [ml) 18,674 15,750 

(1,735) (1,463) 

dUM VALUE 

360A000 HDT I 080A000 HIIT I lOOAOOO HDT 
54 (1.4) 72 (1.8) 90 (2.3) + 
90 (16) 120(21) 150 (27) 
130 (23) 173 (30) 216 (38) 

150 1 50 150 
13 13 13 

+Notel +Notel +Notel 
+Note2 +Note2 +Note2 

400 400 400 
I I 

INAL VALUE 
I I 

11,700 7,425 

NOTES: 
+Note 1: Dispersion only applies to near spherical agglamerates. 9 of 10 v iew shall be Category 1 or 2. No more than 1 view hom Category 3. 
+Note 2: 1 0  mil average. 8 of 10  readings +7 mils. Lawest individual 2 5 mils. 

GSE HD Standard Textured is available in rolls weighing about 4,000 Ib (1,800 kgj. 
'The combination of stress concentrations due to co&sion tea7ure geomehy and the small specimen size resulk in large variation of test resulk. Therefore, these ten- 

'NCTL for HD Textured is conducted on representalive smooth membrane samples. 
All GSE geomembranes have dimensional stability of A?% when tested with ASTM D 1204 and LTE of <-7p C when tested with ASTM D 746. 

sile praperties are minimum average values. 

MQ4 RW11ID4 
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Appendix B - Minimum Testing Frequencies u d  Properfies for GSE G8omembrcmes a 

Oxidative Induction Time, minutes 

Roll length (approximate), ft (in) 
Roll Width, ft (m) 
Roll Area, ft' (m3 

MINIMUM PROPERTIES FOR GSE WHITE TEXTURED 

ASTM D 3895,200O C; 200,000 Ib >loo >loo >loo >loo 
0 2 , l  am 

700 (213) 520 (158) 400 (122) 330 (101) 
22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

15,750 11,700 9,ooO 7,425 
(1,463) (1,087) (836) (690) 

0 

MIX RWIlrD4 
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Oxidative Induction Time, minutes 

Roll Length (approximate), f t  (m) 

Roll Width, ft (m) 

Roll Area, ft? (mz) 

Appendix 8 - Miinimvm Testing Frequencies und Properties for GEE Geomembrrrnes 

ASTM D 3895,2000 C 1 ATM 200,000 Ib >loo >loo >loo ' >loo 

l,l20(341) 870(265) 560(171) 4301131) 

22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

25,200 19,575 12,600 9,675 
(2,341) (1,819) (1,171) (899) 

MINIMUM PROPERTIES FOR GSE ULTRAFLEX 

LLD LLD LLD LLD 

030A000 040A000 060A000 08oAO00 
Thickness, mils (mm) or per project specs ASTM D 5199 every roll 27 (0.69) 36 (0.91) 54 (1.4) 72 (1.8) 

Density, g/cmJ ASTM D 1505 200,000 Ib 0.92 0.92 0.92 0.92 

Tensile Properties (each direction) ASTM D 6693, Type IV 20,000 Ib 
Strength at Break, Ib/in-width (fVrnrn) Dumbell, 2 ipm 11 4 (20) 152 (27) 228 (40) 304 (53) 
Elongation at Break, YO C.L. = 2.0 in (51 mm) 850 850 850 850 

Tear Resistance, Ib (N) ASTM D 1004 45,000 Ib 16 (71) 22 (98) 33 (147) 44 (200) 

Puncture Resistance, Ib (N) ASTM D 4833 45,000 Ib 46 (205) 62 (276) 92 (409) 123 (547) 

Carbon Black Dispersion ASTM D 5596 45,000Ib +Notel +Notel +Notel +Notel 

Carbon Black Content, YO ASTM D 1603 20,000 Ib 2.0 2.0 2.0 2 .o 

M 0 4  R W l l K M  
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Appendix B - Minimum Testing Frequencies u d  Properfies for GSE Geotnembrunes a 

Oxidative Induction lime (minutes) 

Roll Length (approximate), ft (m) 

Roll Width, ft (m) 

Roll Area, ft' (m') 

MINIMUM PROPERTIES FOR GSE ULTRAFLEX WHITE 

ASTM D 3895 200" C 02 1 am. 200,000 Ib >lo0 >loo 
870 (265) 560 (1 71) 

22.5 (6.9) 225 (6.9) 

19,575 (1,819) 12,600(1,171) 

I I I I 

MOL\ R W 1 1 M  
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Appendix 8 - wlinimum Testing Frequencies and Properties for GSE Geomembranes 

MINIMUM PROPERTIES FOR GSE ULTRAFLEX TEXTURED 

Product Code 

Thickness, mils (mm) or per project specs 

Density, g/crnJ 

Tensile Properties (each dimtion)' 

Strength at Break, Ib/in-width (N/mm) 

Elongation at Break, % 

Tear Resistance, Ib (N) 

Puncture Resistance, Ib (N) 

Carbon Black Content, 96 
~ 

Carbon Black Dispersion 

Asperity Height 

REFERENCE PROPERTY 

Oxidative Induction Time, minutes 

Roll Length (approximate), ft (m) 

Roll Width, ft (m) 

Roll Area, ft* (m') 

LUTO4OAOOO LUTO6OA000 LUT080A000 

ASTM D 5994 every roll 36 (0.91 54 (1 -4) 72 (1.8) 

ASTM D 1505 200,000 Ib 0.92 0.92 0.92 

ASTM D 6693, Type IV 20,000 Ib 

Dumbell, 2 ipm 100 (1 8) 132 (23) 176 (30) 

C.L. = 2.0 in (51 rnm) 500 500 500 

33 (1 47) 44 (200) ASTM D 1004 45,000 Ib 22 (98) 

45,000 Ib 48 (214) 73 (325) 97 (432) ASTM D 4833 

ASTM D 1603 20,000 Ib 2.0 2 .o 2.0 

ASTM D 5596 45,000 Ib +Note 1 +Note 1 <Note 1 

CRI CM 12 I second roll I +Note2 I +Note2 I +Note2 

OD EQUENCY NOMINAL VALUE 

4STM 03895, 200OCO2,l am.1 200,000 Ib I >lo0 I >lo0 I >lo0 

I I 22.5 (6.9) 1 22.5 (6.9) I 22.5 (6.9) 

I 15,750 (1,463) 11,700 (1,087) 9.000 (836) 

Nates: 

+Note 1 : Dispersion only applies to near spherical agglomerates. 9 of 10 views shall be Category 1 or 2. N o  more than 1 view from Category 3. 

+Note 2: 10 mil average. 8 of 10 readings z7 mils. Lowest individual z 5 mils., 

GSE UltraFlex Textured is waitable in rolls weighing abour3.900 Ib (1,769 kg). 

'The combination of stress concentrations due to caextrudon texture geomehy and the small specimen size results in large variation of test resulh. Therefore, these tew 

AI1 GSE geomembranes have dimensional stability of *2% when tested with ASTM D 1204 and LTB of ~ - 7 7 ~  C when t e s d  with ASTM D 746. 

sile properties are average 1011 values. 
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Appendix B - lwiniroum Testing frequencies und Propries for GSE Geomdrunes 0 
MINIMUM PROPERTIES FOR GSE ULTRAFLEX WHITE TEXTURED 

Thickness, mils (mm) or per project specs every roll 

Density, g/cmJ ASTM D 1505 200,000 Ib 

Tensile Properties (each direction)' 20,000 Ib 

ASTM D 5994 

ASTM D 6993, Type IV 
Dumbell, 2 ipm 

G.L. = 2.0 m (51 mm) 

Strength at Break, Ib/in-width (N/mm) 

Elongation at Break, % 

LlJT040A010 LUT060A010 

36 (0.91) 54 (1 -4) 

0.92 0.92 

100 (18) 132 (23) 

500 500 

LUTO8OAOlO 

72 (1.8) 

0.92 

176 (30) 

500 - 
Tear Resistance, Ib (N) ASTM D 1004 45,000 Ib 22 (98) 33 (1 47) 44 (200) 

Carbon Black Content', % ASTM D 1603 20,000 Ib 2.0 2.0 2.0 

Puncture Resistance, Ib (N) ASTM D 4833 45,000 Ib 48 (21 4) 73 (325) 97 (432) 

Carbon Slack DisDersion ASTM D 5596 45,000 Ib +Note 1 +Note 1 +Note 1 
~~ ~ 

I Asperity Height lGRl GM 12 1 secondroll I +Note2 1 +Note2 I +Note2 

Oxidative Induction Time (minutes) ASTM D 3895 200' C, 0 2 , l  am 200,000 16 >loo >loo >TOO. 

Roll Length (approximate), ft (m) 700 (21 3) 520 (1 58) 400 (1 22) 

Roll Width, ft (m) 22.5 (6.9) 22.5 (6.9) 22.5 (6.9) 

Roll Area, ft? (mz) 

NOILS: 

+Note 1: Dispersion only applies b near spherical agglomemtes. 9 of 10  views shall be Category 1 or 2. N o  more than 1 view from Category 3. 

+Note 2: 10 mil overage. 8 of 10 readings a7 mils. Lowest indNidual z 5 mils. 

GSE UltmFlex White Terhred is available in rolls weighing about 3.900 Ib 11,769 kg). 

'The combination of streu concentrations due to caexhusion texiure geamehy and he undl specimen size results in lorge variation of test results. Therefore, these ten- 

'GSE UlhaFlex White Textured may have an overall ash content greater than 3.0% due b the white layer. 

All GSE gwmembranat hme dimensional sbbiliy of *2% when tested wih ASTM D 1204 and LTB of c-77" C when tested with ASTM D 746. 

15,750 (1,463) 11,700 (1,087) 9,000 (836) 

sile properties are overoge roll values. 

M a  RW11IDQ 
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Appendix C - Minimum WeM Properties for GSE Geonrembmne Products 

Peel Strength (extrusion), ppi (kN/m) 

Shear Strength (fusion & ext), ppi (kwm) 

MINIMUM WELD PROPERTIES FOR STANDARD HDPE GEOAREMBRAMES(') 

ASTM D 6392 39 (6.8) 52 (9.1) 78 (13.7) 104 (18.2) 130 (22.8) 157 (27.5) 

ASTM D 6392 61 (10.7) 81 (14.2) 121 (21.2) 162 (28.4) 203 (35.5) 242 (42.4) 

' These values apply to both arexfruded and flat cast produced geomembranes and urtrita3ubd and condudive products. 

MINIMUM WELD PROPERTIES FOR STANDARD UDPE GEOMEMBRANES"' 

\Shear Strength (fusion & 4, ppi (kN/m) I ASTM D 6392 I 45 (7.9) I 60 (1 0.5) I 90 (1 5.8) 1 120 (21 .O) I 150 (26.3) 

I These wlws apply to bath coe~rmded and flat cast produced gaomembranes to include whit-urfaced pmducts. 

M 0 4  RW11104 
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Rahe, John -- MFG, Inc. 

Subject: 

Rahe, John -- MFG, Inc. 
Tuesday, August 17, 2004 7:34 PM 
Robert.Davis@rfets.gov 
Initial Review of Submittals for Geosynthetics for Present Landfill Cover System 

Hello Bob. 

The following presents my initial review of the geosynthetics submittals for the landfill cover system, including the 
Geosynthetic Composite Drainage Net (GDN), the Linear Low Density Polyethylene (LLDPE) geomembrane liner, the 
Geosynthetic Clay Liner (GCL) and the Non-Woven Geotextile. 

GDN Material Submittal Review: 

In general, the submittal information supplied by CETCO Lining Technologies conforms to the design specifications for the 
proposed TexDrain 200 DS 8 (GDN) material. A few clarifications/additional items of information are needed to approve 
this submittal, as follows: 

It is not clear from the submittal whether or not a geotextile is placed on both sides of the geonet drain. For this project the 
geotextile would likely be required only on the top of the geonet, although the sample I saw previously in your office 
indicated a geotextile on both sides, and it was not clear to me from the design specifications if geotextile is required on 
one or both sides (needs to be verified with Earth Tech and CETCO). Also, it is not clear from the submittal that the 
geotextile is an 8 odsy material (Spec.Sec.02224, 2.01 D). The carbon black content test presented in the submittal 
indicated ASTM D 1603, which is a test specified for olefin plastics, while the Spec. Sec. 02224, 2.028 indicates a test 
method of ASTM D 4218, which is more commonly used for polythylenes. The tensile strength test method is specified as 
ASTM D 4595, while the submittal indicates ASTM D 1682 (discontinued) or ASTM D 5035 (geotextiles). The proper test 
methods should be verified. The submittal shows that density and melt index tests be performed once every 50,000 sf, 
while the specifications indicate one test per lot (which may be less than 50,000 sf). Also, it is not clear from the submittal 
(or design specifications) whether the GDN will be overlapped or continuously sewn on the 4: l  slopes. I would 
recommend that they be continuously sewn for all 4: l  side slopes, even the shorter slopes adjacent to the north and south 

@drainage ditches. 

LLDPE Geomembrane Submittal Review: 

In general, the submittal information supplied by GSE and Colorado Lining Company conforms to the design specifications 
for the proposed 60-mil LLDPE material and for the installation equipment. A few clarificationsladditional items of 
information are needed to approve this submittal, as follows: 

A statement is required certifying no recycled polymer and no more than 10% rework of the same type of material is added 
to the resin (Spec. Sec. 02225, 1.04A.2). The GSE MQA Manual indicates that the shear strength of seams is 90 Ibs/in 
based on ASTM D 6392, while Spec Sec. 02225, 1.15B (Table 2.1) indicates a minimum value for shear strength of 120 
Ibs/in. The specifications do not list strength requirements for LLDPE-T (textured), while the submittal gives values for this 
material (which typically has about 75 to 80 percent of the puncture strength and about 55 to 60 percent of the tensile 
strength of smooth LLDPE). This should be clarified with the designers if 60-mil LLDPE-T is acceptable if needed on a 
long 4:l  slope. 

The "Wedge-It" hot wedge welder information supplied indicates that either a single 45-mm wide or double (split) 45-mm 
wide weld could be made with the equipment. The specifications (Spec. Sec. 02225, 1.13C.1 .b) indicate that seams will 
be tested by double seam pressurization, requiring a double (split) seam for the LLDPE. This should be clarified. 

GCL Submittal Review: 

The following additional information is required from the Bentomat ST GCL manufacturer, CETCO Lining Technologies 
before the submittal can be amroved: 

* I  .I t is not clear from the submittal that the moisture content of the GCL will be limited to 12% (QNQC Plan Table 4.1, 
referenced in Spec. Sec.02226, 2.01 C).. It is not clear from the submittal that the lower geotextile will be a 3.1 odsy, 
minimum and that the top geotextile will be a 6 odsy, minimum non-woven geotextile (Spec. Sec. 02226, 2.01 C). 

1 



CETCO's MQNMQC Manual does not indicate that the GCL will be inspected continuously for broken needles from the 
needle-punched NW/GT portion of the material (Spec. Sec. 02226. 1.03A.5). This is very important with GCLs adjacent to 
and in continuous contact with the primary geomembrane, as in this project, because needles remaining in the GCL would 
have a high probability of puncturing the geomembrane. This must be performed and verified prior to delivery and 
placement in the landfill cover system. a 
Non-Woven Geotextile Submittal Review: 

The Nilex NW60 Non-Woven Geotextile submittal specifications meet or exceed the specifications for the separation 

the specified 30%. Because the submitted grab tensile strength is higher (160 Ibs.) than the specification (100 Ibs.), this 
would appear to be acceptable. 

I geotextile presented in Spec. Sec. 02245, 2.01 D, with the exception of the maximum elongation of 50% as compared with 
I 

I 

I would recommend that the initial lot of landfill cover geosynthetics (GDN, LLDPE and GCL) produced for the project have 
split samples shipped directly to the QA laboratory (Advanced Terra Testing) for initial QA verifications required by Table 
4.1 of the QNQC Plan. This is important to expedite the QA process and also because a couple of the QA tests (carbon 
black and carbon black dispersion) may need to be performed by Precision Labs in California, and A T  cannot ship 
materials to them that have been obtained from Rocky Flats (only directly from the manufacturer). 

Let me know if you have any questions regarding these initial geosynthetic material submittal reviews. 

Regards, 

John 

John H. Rahe, P.E. 
Tetra Tech/MFG 
303-447-0913 (ext. 104) 
303-981 -2656 (cell) 
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For Submittal of Shop Drawings, Equipment Data, Material Sa 
Manufacturer’s Certificates of Compliance, or Other 

(Read Instructions prior to initiating this form.) 
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August 19,2004 

SM Stoller 
Attn: Jim Erickson 
Phone: 303-546-435 1 
Fax: 303-443-1408 

RE: WETS Landfill - Paper Re-Submittal - #1.08-19-04 

Jim: 

Attached are (7) copies of CETCO’s response to the comments made by Earth Tech in 
the revise and resubmit paper submittal letter dated July 13, 2004. It is Colorado 
Lining’s understanding that the paper submittal on the 60 Mil Black LLDPE material as 
submitted previously is approved. If additional information is required, please let me 
know. 

Regards, 

----e- 

Dan E. Lahr 
Senior Estimator 



.... 
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August 18,2004 

Dan Lahr 
Colorado Lining 
1062 Singing Hills 
Parker, CO 80138 

RE: RockyMats 

Dear Dan: 

In nqmnse to the "Geosynthstic Marerials Submittal -July 12,2004 Comments" memo, 
please see CETCO's explanation of the items listed. 

GDN 
1. 
2. 
3. 

4. 

See attached revised Tcxdmin 200-2-8 spec shmt to include rash properties. 
CETCO recommends anchor ties every 12 inches. More frequently is acceptable. 
CETCO accepts the projcct specification of 3" overlap on the edges and 6" on the 
ends. We recornrncnd following the site specific project specification. 
CETCO will provide a complete GDN MQC package to include all tests provided in 
Table 4.1 of QNQC Plan. 

GCL 
I .  
2. 
3. 

4. 
5. 
6. 

7. 

CETCO tests Bentomat internal shear one time per year. Periodic = ondyear. 
CETCO test bentonite swcll index at a fmqucncy of onc per 50 tons. 
CETCO is not awam of a revised Spec 02226. Plmse clarify mass per unit m a  
mquirement, 
Plea= see additional Super Groovc performance data. 
CXTCO recommends following the site specific QA/QC plan. 
Prior to consauction CETCO will provide a complete MQC data for the actual rolls 
shipped to the site. 
CETCO will provide verification of continuous inspxtion. for broken needles in the 
aforementioned MQC package. 

Please let me know if you need any additional information at this time. 

Joe Kaul 

JK:cp 
04- IO080 
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POLYETHYLENE RESIN 
PROPERTIES 
Polymer Density 
Melt Index Value 

- 

TexDrainm200 DS 8 

TEST METHOD U N h  . VALUE 

ASTM D 1505 g/ml - > 0.932 
ASTM D 1238 g/10 min. 4 .o 

Certified Properties - Rocky Flats 
TO 200 DS 8 is a superior quality composite drainage product produced by thermally laminating two 8 ounce per 
square yard nonwoven geotextiles to a core of high-flow polyethylene drainage net. TexDrain Geocomposites are 
designed to provide high capacity planar flow of liquids, with integrated protection from clogging and damage 
protection for adjacent geomembranes. 

GEOCOMPOSITE PROPERTIES TEST METHOD UNITS VALUE 
Transmissivity' ASTM D 4716 g/min/ft (rn'/s) 0.19 (4.0 x 10") 
Peel Adhesion ASTM D 413 Ibs/in 1 

-~ 

The information and data Contained hereln a r ~  believed to be accurate and rellable, CWCo makes no warranty 
of any kind and accepts no responsibility for the resulta obtained through appllcatlon of thls Inlormatlon. 



- 
ROLL DIMENSIONS' WIDTH LENGTH AREA WEIGHT 

13.5 feet 200 feet 2,700 feet 750 Ibs 

TR-7tl 
Revised 12/02 

1500 West Shure Drive Arlington Heights, IL 60004 USA 800.527.9948 Fax 847.577.5571 
For the most up-to-date product information pl€xIM visit our website, www.cBtco.com 

A wholly owned subsidiary of AMCOL International Corporation 
~~~~ ~ 

The information and data contained hereln are believed to Pe accurate and reliable, CETCO makes no warranty 
of any klnd and accepts no responslblllty for the results obtslned through appllcatlon of this Information. 
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18 March 2002 
Mr. Robert Trauger, P.E. 
Colloid Environmental Technologies Co. 
1500 West Shure Drive 
Arlington Heights, E 60004-1440 

Subject: Laborstory Test Results Transmittal ' 
hge-Scale Flow Rate Testing 
Unseamed and Seamed Bentomat ST GCLs 

Dear Mr. Trauger, 

SGJ. Testing Services, LLC (SGI@) is pleased to present the attached large-scale 
flow rate test results on Bentomat ST GCL, Bentomat ST GCL seamed with groove and 
no bentonite, and Bentomat ST GCL seamed without groove and bentonite. The note 
section below addresses sample prqaration, sample disposal and a disclosure statement, 

SGI@ appreciates the opportunity to provide laboratory testing services to 
CBTCO. Should you have any questions regarding thc attached docurnent(s), or if you 
require additional information, please do not hesitate to contact the undersigned. 

Sin =rely, 

Zehong Yuan, Ph.D., P.E. 
. Chief Technical Officer 

Attachment 

~~ 

SGI" Testing Services, LLC 
5775 PEACHTREE DUNWOODY ROAO 

SuirE 1 1 D 
ATLANTA. GEORGIA 30342 

PHONE : 404.256.9939 Fex: 404.705.9300 
WEB SITE: ~ . I N ~ R A C ~ O N $ P E C I A L I S . C O M  



COLLOID ENVIRONMENTAL TECHNOLOGIES COMPANY 

BENTOMAT ST GCL 
LARGE-SCALE FLOW RATE TESTING 

sGL7lKwwe SrrrrtvrCEs, U C  

1.OE-10 4 

FIOUW NO, A- 1 
PROJECT NO. SG11029 

FILE NO. 
,DOCUMENT NO. S0102054 

Test No. 1 : Batomat ST GCW Compacted Subgrade Soil 

*Hydraulic Pressure = 2 psi 
-0- Hydraulic Pressure = 5 psi 
43- Hydraulic Pressure = 10 psi 

1 ' .  r . .  1 . .  . I * .  , , . . . 
40 80 I20 I60 200 0 

TIME (hour) 



. - - -  

Test No. 2: Bentomat ST GCL. Seamed with Groove and without 
Bentonite/ Compacted Subgrade Soil 

+Hydraulic Pressure = 2 psi 
+Hydraulic Pressure = 5 psi 

COLLOID ENVIRONMENTAL TECHNOLOGflES COMPANY 
LARGESCALE FLOW RATE TESTING 

BENTOMAT ST GCL SEAMED wrm GROOVE AND WITHOUT BENTONITE 

+Hydraulic Pressure = 10 psi 

1.OE-10 
0 40 80 120 I60 200 240 

TIME (hour) 

DATE REPORTED: 4 F c h s r y  2002 

FTGURE NO. c-2 
PROJECT NO. SG11029 
DOCUMENT NO. SG102054 
FILE NO 



COLLOID ENVIROMMlENTAL TECHNOLOGIES COMPANY 
LGRGE-SCALE FLOW RATE TESTING 

BENTOMAT ST GCL SEAMED wrmour GROOVE AND WITHOUT BENTONITE 

s s l ~ s # t w C r r s , L t C  

I.OE-07 , 

FIGURE NO. c-3 
PROJECT NO. SO11029 

SGJ02054 DOCUMENT NO. 
FILE NO, 

t .OE-09 

0 

Tcst No. 3: Bentomat ST GCL Seamed without Groovc and without 
Bentonite/ Compacted Subgrade Soil 

*Hydraulic Pressm = 2 psi 
4- Hydraulic Pressure = 5 psi 
-0- Hydraulic M u r e  = 10 psi 

40 80 120 I GO 

TIME (hour) 

200 240 
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COLLOID ENVIRONMIENTAL TECHNOLOGIES COMPANY 
LARGE-SCALE FLOW RATE TESTING 

I.OE-10 
0 40 80 I20 160 200 ' 240 

TlME (hour) 

Note: 
For ench test the flow rate reported in lhe abovc tnblc is thc em nitc at rhc completion of test 

DATE REPORTED 15 M m h  2O.M 
FTaURE NO. C-4 
PROJECT NO. 8011029 
DOCUMENT NO. SG102054 
FlLE NO. 



Rahe, John -- MFG, Inc. 

Subject: 

Rahe, John -- MFG, Inc. 
Tuesday, August 24,2004 3:12 PM 
'robert.davis@rfets.gov' 
FW: Review of Recent (8/19) Submittal on GDN and GCL 

From: Rahe, John -- MFG, Inc. 
Sent: Tuesday, August 24, 2004 1:35 PM 
To: 'robert.davis@rfets.com' 
Subject: Review of Recent (8/19) Submittal on GDN and GCL 

Hello Bob, 

I've reviewed the recent submittal from Stoller/Colorado Lining/CETCO dated August 19, 2004 regarding the GDN and 
GCL geosynthetic materials for the Present Landfill cover system at Rocky Flats, which are in response to a review by 
Earth Tech on July 13, 2004. I have the following comments regarding the submittal: 

GDN Material: 

I) The polyethylene geonet resin properties should be. acceptable: the material density of 0.932 g/ml (cc) based on ASTM 
Dl505 (although slightly less than the specification of 0.94 g/cc) and the melt index value less than 1 .O based on ASTM 
01238 are acceptable for the geonet. 

2) Anchor ties at 6" are acceptable as specified, while no individual ties should be more than 12" 

3) The 3" overlap on egdes and 6" overlap on the ends should be a minimum, as specified. 

4) The GDN MQC submittal reviewed previously appears to be adequate with the exception of the various questions 
presented in my August 17 submittal to you. 

GCL Material: 

1) The proposal by CETCO to test the GCL for internal shear strength once per year would not appear to be acceptable 
for this project. The MQA tests should be performed on actual materials manufactured for this project. The test should be 
for a saturated material and the confining pressure(s) should simulate field conditions to be encountered at the Present 
Landfill: I would recommend confining pressures in the range of approximately 300 to 600 psf. The QNQC Plan requires 
internal shear strength testing for the GCL at one per 100,000 sf, which would require nine or ten of these tests, which is 
well in excess of the MQC testing program. I would recommend that we require CETCO to perform at least three internal 
shear strength MQC tests, and that the QA program require one or two internal shear strength tests. This should provide 
the required QNQC for this project. 

2) The index swell test frequency of one per 50 tons is acceptable. 

3) The specified (and submitted previously) mass per unit area of 0.75 Ibs/sf is acceptable. 

4) The large scale flow rate tests performed by SGI Testing Services (also in previous submittal) indicate that the long- 
term (>80 hrs) flow rate for the tests run at 2 psi hydraulic pressure (4.6 ft head, which is likely to be within the potential 
range of those seen at the landfill cover), using the GCL seamed with "Supergroove" and without additional bentonite, is in 
the range of approximately 6x10(E-10) m/sec [6x1O(E-8)cm/sec]. This is comparable (only slightly higher) to the GCL 
(Bentomat ST) material without seams, based upon the laboratory testing. Based upon this information, the GCL groove 
system appears to be effective. One of the QA permeability tests could be performed on a sample containing the 
"Supergroove" to verify these tests by SGI to demonstrate effectiveness to the regulators. 

5 & 6) CETCO proposes to comply with the QNQC Plan requirements and will provide complete MQC data for the actual 
rolls shipped to the site. I would add that these data be sent prior to material delivery to the site. 

7) CETCO states that they will provide verification of continuous inspection for broken needles in the MQC package, 

of 8/17). 
a although the MQC Manual provided previously does not detail how this will be performed (as mentioned in my comments 

1 



The major issue to be resolved in the comments above is Item No. 1 under the GCL material. Let me know if you have 
any questions regarding these review comments. 

Thanks, 
John 

John H. Rahe, P.E. 
Tetra Tech/MFG 
303-447-0913 (ext. 104) 
303-981 -2656.(cell) 

2 
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3037661110 NILEX CORPORRTION 580 P02 JUL 09 'El4 14:31 1 

I silt fences 

2130 
ProPex 2130 is a polypropylene woven fabric, This engineered geotextile is stabilized to resist degradation 
due to ultraviolet exposure. It i s  resistant to commonly encountered soil chemicals, mildew and insects, and 
is non-biodegradable, Polypropylene is stable within a pH range of 2 to 13, making it one of the most stable 
polymers available for geotextiles today. We wish to advise that ProPex 2130 meets the foIlowing 
minimum average roll values: 

(1) ma. average roll values 

Amoco Fabrics and Fibers Company manufacturers the woven fabric indicated above. The values listed are 
a result of testing conducted in on-site laboratories. A letter certifying the minimum average roll values will 
be issued from the manufacturing plant by the Quality Control Manager at the time shipment is made. 

DATE ISSUED: 01/02/04 I 
Arnoco Fabrics and Fibers Company 
260 The Bluffs 
Austell, GA 30168 

FX: 770-944-4584 
PH: 770-944-4569 

Exdueion of Llablliry 
Information conteined in this publication Is aocurate to the best of the knowledge of Amoco Fobrlo: and Flbera Company. Any information or a d v b  
obtained from 8P otherwise than by m a n $  of thl3 publlcation and whether relating l o  6P matetbl9 Of orher ma'terials. is also given in good failh. 
However, it remains at a11 times. the retponslbllin/ of the customer to ensura thar BP materials are suitable for the particular purpofc infended. 
Insofar as meterials not mafdaCIW3d or tupplied by EIP are used in conjunction whh or Instead of EP materiels. the customr should ensure that he 
has received from m o  manufacturer or eupplier all the technical data and other Informarion relating to such material;. EP scceprs no IlabiliTy 
whatsowor (oxccpt J: otnetwise expressly provided by law1 arising out of the use of information supplied. lhr application of processing of the 
oroducts d6:cribed hareln. the use of orher materials in lieu of 8P materlele in conjunnion with such other mdtOr~813. 

. 
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3037661118 NILEX CORPORRTION 580 P83 JUL 09 ’84 14:31 

NILEX CORPORTION 
15171 East Fremont Drive 
Centennial, Colorado 801 12 
(303) 766-2000 phone 
(303) 766-1 110 fax 
www.nilex.com 

Nilex NW6O Nonwoven Geotextile 

Nilex JW60 is a superior quallty, nonwoven geotextile produced by needlepunching tog ther 
100% polypropylene staple fibers in a random network to form a high strength dimensionally 
stable fabric. The polypropylene fibers are specially formulated to resist ultraviolet light 
deterioration, and are Inert to commonly encountered soil chemicals. The fabric will not rot or 
mildew, is non-biodegradable, and is resistant to damage from insects and rodents. 
Polypropylene is stable within a pH range pf 2 to 13. Nilex NW60 conforms to the physical 
property values listed below: 

Fabric Property Test Met hod Units MARV 

Weight 
Grab Tensile Strength 
Grab Elongation 
Trapezoidal Tear 
Puncture Strength 
Mullen Burst 
Permittivity 
Water Flow Rate 
AOS 
UV Resistance 

(Retained, 500 hrs.) 

ASTM D-3776 
ASTM D-4632 
ASTM D-4632 
ASTM D-4533 
ASTM D-4833 
ASTM D-3786 
ASTM D-4491 
ASTM 0-4491 
ASTM D-4751 
ASTM D-4355 

easy 
Ibs 
Y O  

Ibs 
Ibs 
PSI 
sec-’ 
gpm/ft2 
US Sieve 
YO Strength 

6.0 (203g/ m2) 
160 (0.71 1 kN) 
50 
65 (0.289kN) 
90 (0.40kN) 
31 5 (21 70kPa) 
1.6 
110 (4480 I/min/m2) 
70 (0.212mrn) 
70 

Note: Values are MARV, reported in weaker principle directlon. “MARV“ indicates minlmum 
average roll value calculated as the typical minus two standard deviations. Statistically, it yields a 
97.7% degree of confidence that any sample taken during quality assurance testing will exceed 
the value reported. 

Please do not hesitate to contact us at (303) 766-2000 if you have any questions regarding this 
certification. 

S U B ?  W 6 S  NO W C R W .  U P R E 8 3  OR I w l e D ,  CONCERNNO THE PRDDUCT FURNldIilb hCREUNDER OTnAI Tn*N AT THE TIME W DnlVCRY IT SHALL BE OF W E  WALIlY AN0 
BPECIFICATION $TAW0 MEREIN, ANY IUPLEO W A M  DF CITNESS POA A PARTICULAR PURPOSE IS UpReSSLY BXCLUOED. AND, TO THE UTUn T M T  IT IS W N T l W I Y  TO THE 
FOREM)IN(I BEN’ENCE. ANI IMPLl@D WARRVJW OF MERCWNTIQILITV 16 E)(pRISSLY BxtLUDED. & J V  RECOMLIWDAllONS UMI BY 8ELLER CClNCERNlND Th€ UEEB OR APPLICATIONS OF 
SAID PROWCT W E  BEUEVED RELIABLE *ND BILLER W E B  NO W 4 R W  OF REBULT(I TO BC OBTAWED 
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Staple Pattern Gulde, Slope, Channel 
and Shoreline Guide 

Storage Guide Storage of NAG Rolled Erosion 
Control Products 

Material Speclflcation 112004 

Material Specification 112004 

Material Specifications SC 250 

Material Speclflcatlon SC 150 

Product Samples NAG SC 250 

Product Samples NAG SC 150 

6 

6 

6 

6 

6 

02227 

02227 

02227 

02227 

02227 

~~ ~ 

Previous Submittal No. 

NIA 

NIA 
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~ 

1 

~~ 

02227 

1) NAG does not manufacture product C250. NAG product SC 250 is being submitted as an alternate. 

(See Instruction Action Code 
Drawing (See Instruction #9) 
Sheet No. -1 #: 1 h. 

NIA I 
*IA I 
N'A I 
NIA 

NIA 
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NORTH 
AMERICAN 

GREEN 

NORTH AMERICAN GREEN, INC. 
Quality Program 

14649 Hwy 41 North Evansville, I N  47725 800-772-2040 Fax 81 2-867-0247 \v\~’\v.ringrecn.com 



The text book definition of Quality states that i t  is a "Degrce of Excellence". The "Excellencc", in a broad 
form, can apply to most every aspect of our lives. For the purpose of this discussion, quality or the 
"Degrce of Excellence" will be limited to North American Green's product line, as well as the materials 
and equipment we use to achieve our product quality goals. 

There are two quality activities that must be considered in the manufacturing process: 

a. The quality of the raw materials we use to manufacture our products. 
b. The quality of the finished product we manufacture. 

If the quality of the components of our products is less than satisfactory, the quality of the finished 
product cannot be satisfactory for selling and performing for the purpose intended. 

Raw Materials Quality: 

While we deal with a very limited number of raw material components in the manufacture of erosion 
control blankets, the quality of these components is no less important than that of other manufacturers 
who produce high-tech finished goods. Each raw material component has a defined specification that 
must be met by the respective supplier. Suppliers of certain raw materials will be required to provide a 
certification of conformance for each material type and shipment. These certifications must be checked 
against North American Green quality control specifications (see attached) to insure compliance. The 
following are examples of what must be considered when raw materials are received. 

Synthetic Netting: The receiving inspection of netting includes: a) color, b) aperture size, c) roll width d) 
roll weight, e) roll length, f) unit weight Ibs/msf, and g) tensile strengtldelongation. 

a) Color shall be inspected visually and must be as specified for the netting type. 
b) Aperture size (mesh openings) shall be periodically (randomly select 1 out of every 10 rolls) measured 
and checked against supplier certified dimensions. Perform measurements in the middle of the roll and 2 
inches from the roll end. Start measurements 3 feet from beginning (loose) end of netting. 
c) Roll width shall be periodically (randomly select 1 out of every 10 rolls) physically measured across 
the transverse direction of the netting roll and checked against the certified width. 
d) Roll weight shall be periodically (randomly select 1 out of every 10 rolls) physically measured and 
checked against the certified weight. 
e) Roll length shall be taken from roll tags. 
f) The weight ((lbs/msf (1000 sf)) shall be certified by the supplier and provided on the certification 
which shall accompany each shipment. Weight in (Ibs/msf) shall also be periodically (randomly select 1 
out of every 10 rolls) physically checked by calculation using the following equation: 

Roll Weight (Ibs) / ((Roll Length (ft.) x Roll Width (in.)/12) / 1000) = Ibs/msf 

g) Tensile strength and elongation shall be certified by the netting supplier and provided on the 
certification, which shall accompany each shipment. Poor tensile strength will affect the finished 
product's ability to be installed and thus it's erosion control performance as intended. 

Organic Fiber Netting: At present, organic fiber netting is only being used in the manufacture of our 
completely biodegradable "BioNet" products. The organic netting is a leno weave product consisting of 
two jute strands hvisted together in the machine direction and a single jute strand woven through but not 
fixed to the twist openings to form a loose intersection in the transverse (cross machine) direction. Quality 
considerations of the organic fiber netting include a) Roll Width, b) Wrap Consistency, c) Strand Count 
and d) tensile strength/elongation. 



a) The width of each roll (in.) shall be physically measured from edge to edgc and must meet the specified 
minimum and maximum length. 
b) Wrap consistency must be visually chccked. The roll cnds shall be flush and uniform. Non-uniform roll 
edges indicate damaged or loosely wrapped material and material will not retain consistent alignment 
within the machine. This problem is especially prevalent in the double-netted materials in which thc top 
and bottom netting cdges must be uniformly square when overlaid. 
c) Strand count must be visually checked. There shall be two twisted jute strands forming single ribs in 
the machine direction spaced approximately 1 inch apart. There shall be one jute strand forming the rib in 
the cross machine direction spaced approximately .5 inches apart. 
d) Tensile strength and elongation shall be certified by thc netting supplier and provided on the 
certification, which shall accompany each shipment. Poor tensile strength will affect the finished 
product’s ability to be installed and thus it’s erosion control performance as intended. 

Agricultural Wheat Straw: The most important qualities of wheat straw are a) moisture content, b) 
color, c) the presence of mold and/or contamination, and d) mulch content (short fiber). All straw fiber 
shall be inspected prior to off-loading from the truck. A North American Green quality control chcck tag 
shall be placed on all delivered straw raw materials (see raw materials specification). 

a) Each bale of straw must be checked for moisture content using the available moisture probe. Moisture 
content shall not exceed North American Green specifications (see raw materials specification). 
b) Color is a visual check. A bright, gold color will indicate a high quality material, while faded color 
could indicate older more degraded straw and/or the potential for mold. Molded materials are 
unacceptable. The presence of mold is harmful to the employees and must not bc accepted under any 
circums tanccs. 
c) Mulch content must be measured for each straw shipment (randomly select 1 out of every I O  rolls of 
same wheat variety and/or lot) using the shake-out test procedure and shall not exceed the specified 
maximum allowable content. 

Coconut Fibers: The quality of coconut fiber may vary from one supplier to another. All coconut fibers 
are received in the form of bales. The following qualities must be considered when receiving coconut 
fibers including a) fiber grade, b) moisture content, and c) mulchldirt content. A North American Green 
quality control check tag shall be placed on all delivered coconut fiber raw materials after there inpsection 
and prior to being off-loaded from the truck (see raw materials specification). 

a) The fiber grade must be certified by the supplier and must be listed on the certification accompanying 
each coconut fiber shipment. The fiber grade must be as specified by North American Green (see raw 
materials specification). 
b) Moisture content must be checked by weighing (randomly select 1 out of every 10 bales) in each 
shipment. Weights exceeding North American Green specifications may indicate high moisture content. 
c) Mulch and dirt content must be periodically (randomly select 1 out of every 10 bales) measured using 
the shake-out test procedure and shall not exceed the specified maximum allowable content. A high 
degree of dirt in coconut bales contaminates the factory with dust and prevents the manufacturing of a 
high quality finished product. 

Synthetic Fibers: Quality control receiving inspection of synthetic fibers must involve the evaluation of 
these characteristics a) color, b) fiber length, c) fiber crimp, and d) Oil/anti-stat coating. 

a) Color must be consistcnt through all bales. Thc supplier color matchcs thc raw matcrial to a color 
spccification provided by the company. Any noticcablc color diffcrenccs must bc reported. 
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b) Fiber length must be certified by the supplier and periodically (randomly select 1 out of every 10 bales) 
physically measured. Fiber length must meet North American Green specifications (see raw materials 
specification section). 
c) Fiber crimp must be certified by the supplier. The ccrtified amplitude and frequency of crimp shall 
meet North American Green specifications. Crimp must also be visually inspected to insure conformance. 
d) Oil and anti-stat coating of the fiber must be certified by the supplier. During the manufacturing 
process of the fibers, a light oil substance is used to rcduce static electricity. 

Sewingweaving Yarns: A variety of yams are currently being used to stitch products together 
(synthetidcotton) or to weave into the BioNet nettings (jute). Each of these yams have specifications 
regarding a) fiber denier, b) construction type (mono/multifilament, twistedhexturized), and c) cone size. 

a) Fiber denier shall be certified by the supplier and must meet North American Green specifications (see 
raw materials specification section). 
b) Construction type shall be certified by the supplier and must meet North American Green 
specifications. A visual inspection will also determine if construction type is as certified. 
c) Cone size (Diameter (in), Weight (lbs), Linear feet of yam / cone) shall be certified by the supplier and 
must meet North American Green specifications. A visual inspection will also determine if cone size is as 
certified. 

Cellulose Paper: Lightweight cellulose paper is used in two plies to encapsulate seed when 
manufacturing a pre-seeded Cell-0-Seed product. Poor quality paper creates problems when pulling the 
material through the manufacturing equipment and will not sufficiently retain applied seed. Quality 
control inspections must include a) Paper Weight, b) Roll Width, c) Roll Length, d) Recycled Content, e) 
Existing Hole size/quantity, and f) Roll Damages. 

a) Paper weight (lbs/3000 ft’) shall be certified by the supplier and must meet North American Green 
specifications. Paper weight shall also be checked periodically (randomly select 1 out of every 10 rolls) 
using the following calculation: 

b) Roll width shall be certified by the supplier and periodically (randomly select 1 out of every 10 rolls) 
physically measured. Roll width must meet North American Green specifications. 
c) Roll length shall be certified by the supplier. 
d) Recycled content must be certified by the supplier and must meet North American Green specifications 
(see raw materials Specification section). 
e) Due to the very thin nature of this material, small holes and rips are common. A visual inspection must 
be used to insure that no holes exist which are large enough to allow the escape of the seed type being 
used. There shall be no holes greater than .25 inches in diameter. When using very small seed types such 
as Bermuda grass, extra care must be taken in evaluating and accepting existing holes. 
f) Damages to rolls which occur in shipping include rips and tears caused by improper handling. A visual 
inspection of each roll will reveal damages. Damaged rolls may be used if the tom layers of paper are 
removed and discarded. However, if the quantity is significant, the amount of damaged paper should be 
reported to the plant manager. 

Roll Weight (lbs) / ((Roll Length (ft.) x Roll Width (in.)/12) / 3000) = lbs/3000 ft2 

Plastic Bags: All finished products are packaged in sheet film plastic bags or shrink wrapped. The bags 
are perforated to provide air flow through the product. The most important quality inspections for the 
plastic bags include a) color, and b) printing quality. 

a) Each finished product is color coded for identification by the distributor and the end user. An 
inspection process must provide for the proper color for the product. 
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b) Printing quality of the information on the outside of the plastic bag must be maintained. The printing 
must be legible without exception. 

Quality Control Inspection Process for Raw Materials 

Each of the above raw materials must be visually or mechanically inspected at the time they are received. 
A certification of compliance from the product’s manufacturer will also accompany each shipment of thc 
following raw materials: 
1) All Synthetic Nettings 
2) Synthetic Fibers (polypropylene staple for P300) 
3) Synthetic/Cotton/Jute Yarn 
4) Coconut Fiber 
5) Cellulose Paper 
Material certifications not conforming to North American Green specifications or inspections revealing 
sub-standard material quality must be reported immediately to the purchasing manager so that proper 
notifications can be made to the respective supplier. Disposition will be made by the purchasing manager. 
All defective raw materials must be tagged to prevent their movement into the production area. The 
manufacturing manager has the authority to refuse to unload any product suspected of poor 
quality. 

Finished Goods Quality: 
As previously mentioned, the quality of finished products can only be as good as the quality of the raw 
materials used to manufacture the products. Quality at the time of receipt of raw materials must be 
checked to insure structural and functional quality of the products. 
North American Green rolled erosion control products are designed to control soil erosion under various 
site conditions. The purpose of the blankets is to reduce rainfall impact and flow induced shear forces 
upon the underlying soil particles, while providing a mulch layer for optimum seed germination and plant 
growth. Our products are designed to control erosion and facilitate permanent vegetation growth through 
their fibrous matrices. Therefore, the blankets must be constructed with relatively dense matriccs to 
deflect erosive forces yet must be open enough to allow uninhibited vegetation growth through. 

To insure the optimum performance capabilities of each North American Green product, material 
specifications have been developed based on performance tests conducted in laboratories and under field 
conditions. North American Green publishes this performance data and uses it as a basis for materials 
selection within the Erosion Control Materials Design Software. Since our materials must perform as 
guaranteed through design software analysis, product performance must be approximately constant. 
Consistent performance relies on consistent physical properties. Therefore, a finished product must 
conform to its published specification. 

Finished Goods IndedPhysical Property Testing: 
Material specifications include the product composition, minimum and maximum weights, length and 
width. Supplemental specifications listing more detailed index test data are also available for each 
product. Index/Physical testing will occur according to the guidelines established by the Erosion Control 
Technology Council outlined in the manual entitled “Technical Guidance Manual, Terminology and 
Index Testing for Rolled Erosion Control Products” released January 1997. The specific physical 
properties tested for each product vary in both typc and frequency based on longevity of product - 
tcmporary or pcrmancnt). Frequency of physical propcrty testing and lot s i x  is established using ASTM 
D 4354 - 96 Matcrial Quality Assurance Procedure B. Procedure B testing protocol is established around 
each of the various products based on amount of matcrial manufactured in each specific run (lot 
establishmcnt). 



Visual Inspection for Quality: 
The most critical elements of quality which must be maintained during the manufacturing process include 
a) material composition, b) fiber distribution, c) material stitching, d) roll weight, e) roll length, f) netting 
crimp (Vmax3 only), and g) packaging intcgrity. 

a) Material composition includes fiber type/s, netting type/s, yam type/s and packaging. Each raw 
material component for each material type is detailed including manufacturers number and/or color codes 
on the Quality Control specification. Care must be taken to insure the correct components for the product 
type are obtained from inventory during manufacture. All synthetic nettings are color coded to simplify 
the pulling of the proper netting rolls from inventory. Additional steps are required in packaging Cell-O- 
Seed blankets. A seed tag listing the appropriate seed species, germination rate, purity, and date must be 
affixed to each Cell-0-Seed roll bag. 

b) Distribution of the fibers within blanket must be continuously monitored visually. The size and 
quantity of voids or thin areas and very dense (thick) spots must not exceed quality control specifications. 
When producing products with combinations of straw and coconut fibers, it must be remembered that the 
specification calls for 70% straw fiber and 30% coconut fiber. Machine settings will allow for the proper 
combination of materials. The machine operators must stop machine production if fiber distribution does 
not conform to the quality control specification. Questions concerning quality must be directed to the 
plant foreman. Samples of good fiber distribution are available for comparison. Under no circumstances 
should foreign materials of any kind be allowed into the finished roll. This includes residual fiber 
from previous runs (i.e. straw or coconut in P300 or polypropylene fiber in any temporary erosion 
control blanket). 

c) Material stitching must be continuously monitored visually. Stitching consistency must conform to 
quality control specifications. Factors affecting the sewing ability of the machinery are yam tensile 
strength/elongation and needle tension. Needle tension is controllable by the machine operator. If yams 
continue to break, the needle tension of the machine must be checked. The machine must be adjusted to 
stitch a tight seam without breaking the yam. When yams break due to the needle friction during the 
sewing process they must be re-threaded as quickly as possible to eliminate long gaps in the blanket. 
Questions concerning the sewing quality must be directed to the plant foreman. Continued yam breakage 
must be eliminated to maintain production efficiency and product quality. 

d) The weight of each roll shall be physically measured and must conform to North American Green 
specifications. Weight specifications are of vital importance. Improper weights of products can cause 
rejection by agency inspectors at job sites. Each roll of product must be weighed and the weight recorded 
on the daily log sheet. Products not conforming to the specified weight range must be discarded. 

e) Roll length must be periodically (randomly select one roll during each production run or shift) 
physically checked to insure machine counters are functioning properly and the length of finished 
products conforms to the specification. The first finished roll produced following a product change-over 
andor an adjustment of the machine'counter must also be physically checked. Measurements have been 
marked on the plant floor to facilitate this quality assurance check. 

f) The crimped netting (Vmax3 products only) is processed by North American Green from heavyweight 
two dimensional netting using the crimping machine. The crimping machine operator must constantly 
monitor and inspect the netting as it exits the heatinghimping unit to insure adequate crimping without 
substantial shrinkage or melting of the netting. All temperatures shall be monitored for the crimping 
process. If the crimp is inadequate, the machine pull rate must be slowed to allow a longer exposure 
period within the heating/crimping unit. If substantial shrinkage or melting occurs, the machine pull rate 
must be increased. 
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The finished netting must be wound on to the wooden end cardboard spools provided and stood upright to 
preserve crimp during storage. 

g) The integrity of the product packaging must be maintained from initial roll insertion through the roll 
compaction and storage/handling process. Product bags are manufactured of lightweight polypropylene 
film. As the bag is pulled over the finished product, caution must be taken to prevent the slitting of the 
plastic material. Additional caution must be taken with the Vmax3. After the plastic bag is pulled over the 
roll, the end must be secured with the wire loop. Two twine cords are wrapped around the plastic bag and 
rolls. These cords are important since distributors unloading the materials will use the cords for carrying 
the finished rolls. A lot number must be permanently affixed to the bag (see "QC Tracking" section 
below). 

All products are compacted to facilitate easier handling and increased quantities in truck shipments. 
During the compacting process, the rolls are compressed. The perforated holes in the plastic bags allow 
air to escape from the rolls while the compaction process is being performed. A step-by-step process must 
be followed during the compaction process to prevent the product bags from splitting. 

Quality Inspection of Finished Product: 
At the end of each production line resides a reference manual with color photographs illustrating required , 

finished product appearance. The photographs illustrate the appearance of poorly produced material, 
which must be scrapped; of fair material, which is acceptable for sale but requires the operator to make ' 

immediate process adjustments; and of good material requiring no process adjustments. Beside each 
photograph is a brief statement of the problem, its possible causes, and suggested course of action. The 
photograph of good material is accompanied by a brief description of the desirable attributes of the 
superior quality product. The machine operator consults this manual during each material run, comparing 
the product being produced to the examples within the manual and taking appropriate action. Each roll of 
material is also weighed and its weight recorded; roll weight must be within 10 % of the product's target 
weight. 

Products of Good quality will exhibit the following properties: 

- No rips or tears in netting 
- Clean, bright matrix material 
- Consistent fiber distribution with no extensive thick spots 
- Individual roll weight f 10 % 
- At least 45 of the 50 stitches secured with no two adjacent stitches missing 

Products of Fair quality will exhibit one or more of the following deficiencies: 

- 
- 
- 2 adjacent stitches missing 
- 

Voids up to 2 inches in diameter 
Areas of thinning up to 6 inches in diameter 

Small tears in netting, not exceeding 3 inches 

Products of Poor quality will exhibit one or more of the following deficiencies: 

- 
' - 

- 
- 

Numerous voids of excessive size 
Areas of thinning grcater than 6 inches in diameter 
Netting tears greater than 3 inchcs 
Less than 45 stitclics per roll width 
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- More than two sets of adjacent stitches missing 

Any material exhibiting poor quality will be considered scrap material and will be disposed or recycled 
depending on raw materials used in the rolled erosion control products construction. 

Quality Control Tracking 

Tracking quality control problems which are discovered before or after shipping will be achieved through 
permanent labeling of each product bag with a lot number consisting of the number of the machine 
operator and the date (month-day) of production. 
Lot Numbering for example purposes only: 1-2- 12-99 

I l l  I 
I I I Year 
I I Day 
I Month (February) 
Operator Number 

The lot number must be affixed to the tied end of the roll bag and clearly visible / legible. Quality 
problems will be tracked to the machine operator and machine when it is suspected materials within the 
same lot may also be of substandard quality. 

Good Quality is Everyone's Responsibility 

Quality must be the responsibility of every North American Green employee. Poor quality reflects on the 
employees and the company. Poor quality is a like a disease and can cause irreparable damage to 
reputation and selling efforts. A reputation for poor quality is something that cannot be cured easily; it 
must be prevented. Each employee has the authority to stop production at any time should he or she 
determine that quality standards are not being met. 
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SLOPE INSTALLATION 

NORTH 
AMERICAN 

GREEN 

1.  PREPARE SOIL BEFORE INSTALLING BLANKETS, INCLUDING ANY NECESSARY APPLICATION OF LIME, FERTILIZER, AND SEED. 

2. BEGIN AT THE TOP OF THE SLOPE BY ANCHORING THE BLANKET IN A 6' (15crn) DEEP X 6" (15crn) 
WITH APPROXIMATELY 12" (30crn) OF BLANKET EXTENDED BEYOND THE UP-SLOPE PORTION OF THE TRENCH. 
BLANKET WITH A ROW OF STAPLES/STAKES APPROXIMATELY 12" (30crn) APART IN THE BOllOM OF THE TRENCH. 
BACKFILL AND COMPACT THE TRENCH AFTER STAPLING. APPLY SEED TO COMPACTED SOIL AND FOLD REMAINING 12" (30crn) 
PORTION OF BLANKET BACK OVER SEED AND COMPACTED SOIL. SECURE BLANKET OVER COMPACTED SOIL WITH A ROW OF 
STAPLES/STAKES SPACED APPROXIMATELY 12" (30cm) APART ACROSS THE WIDTH OF THE BLANKET. 

NOTE: WHEN USING CELL-0-SEED DO NOT SEED PREPARED AREA. CELL-0-SEED MUST BE INSTALLED WITH PAPER SIDE DOWN. 
WIDE TRENCH 

ANCHOR THE 

3. ROLL THE BLANKETS (A.) DOWN OR (B.) HORIZONTALLY ACROSS THE SLOPE. BLANKETS WILL UNROLL WITH APPROPRIATE SIDE 

SHOULD BE PLACED THROUGH EACH OF THE COLORED DOTS CORRESPONDING TO THE APPROPRIATE STAPLE PA'ITERN. 
4. THE EDGES OF PARALLEL BLANKETS MUST BE STAPLED WITH APPROXIMATELY 2"-5" (5crn-12.5crn) OVERLAP DEPENDING 

ON BLANKET TYPE. TO ENSURE PROPER SEAM ALIGNMENT, PLACE THE EDGE OF THE OVERLAPPING BLANKET (BLANKET BEING 

5. CONSECUTIVE BLANKETS SPLICED DOWN THE SLOPE MUST BE PLACED END OVER END (SHINGLE SSYLE) WITH AN APPROXIMATE 
INSTALLED ON TOP) EVEN WITH THE COLORED SEAM STTTCH~ON THE PREVIOUSLY INSTALLED BLANKET. 

3" (7.5cm) OVERLAP. 
BLANKET WIDTH. 

STAPLE THROUGH OVERLAPPED AREA, APPROXIMATELY 12" (30crn) APART ACROSS ENTIRE 

NOTE: 
*IN LOOSE SOIL CONDITIONS, THE USE OF STAPLE OR STAKE LENGTHS GREATER THAN 6" (15crn) MAY BE NECESSARY TO 
PROPERLY SECURE THE BLANKETS. 

14649 HIGHWAY 4 1  NORTH, EVANSVILLE, INDIANA 47725 
800-772-2040 
www.nogreen.com 
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CHANNEL IN STALLATI 0 N 

1. PREPARE SOIL BEFORE INSTALLING BLANKETS, INCLUDING ANY NECESSARY APPLICATION OF LIME, FERTILIZER, AND SEED. NOTE: 
WHEN USING CELL-0-SEED DO NOT SEED PREPARED AREA. CELL-0-SEED MUST BE INSTALLED WITH PAPER SIDE DOWN. 

2. BEGIN AT THE TOP OF THE CHANNEL BY ANCHORING THE BLANKET IN A 6" (15cm) DEEP X 6' (15cm) WIDE TRENCH 
WITH APPROXIMATELY 12" (30cm) OF BLANKET EXTENDED BNOND THE UP-SLOPE PORTION OF THE TRENCH. 
BLANKET WITH A ROW OF STAPLES/STAKES APPROXIMATELY 12" (30cm) APART IN THE BOTTOM OF THE TRENCH. 
AND COMPACT THE TRENCH AFTER STAPLING. 
OF BLANKl3 BACK OVER SEED AND COMPACTED SOIL. 
SPACED APPROXIMATELY 12" (3Dcm) APART ACROSS THE WIDTH OF THE BLANKET. 

ANCHOR THE 
BACKFILL 

APPLY SEED TO COMPACTED SOIL AND FOLD REMAINING 12" (30crn) PORTION 
SECURE BLANKET OVER COMPACTED SOIL WITH A ROW OF STAPLES/STAKES 

\ 

3. ROLL CENTER BLANKET IN DIRECTION OF WATER FLOW IN BOTTOM OF CHANNEL. BLANKETS WILL UNROLL WITH APPROPRIATE SIDE 

SHOULD BE PLACED THROUGH EACH OF THE COLORED DOTS CORRESPONDING TO THE APPROPRIATE STAPLE PATTERN. 

STAPLES STAGGERED 4" (1Ocm) APART AND 4" ( locm)  ON CENTER TO SECURE BLANKETS. 

12" (30cm) APART IN A 6" (15cm) DEEP X 6" (15cm) WIDE TRENCH. 

TO ENSURE PROPER SEAM ALIGNMENT, PLACE THE EDGE OF THE OVERLAPPING BLANKET (BLANKET BEING INSTALLED ON TOP) EVEN 
WITH THE COLORED SEAM STITCHWON THE BLANKET BEING OVERLAPPED. 

A DOUBLE ROW OF STAPLES STAGGERED 4" ( locm)  APART AND 4" ( locm)  ON CENTER OVER ENTIRE WIDTH OF THE CHANNEL. 

4. PLACE CONSECUTIVE BLANKETS END OVER END (SHINGLE STYLE) WITH A 4"-6" (10cm-15cm) OVERLAP. USE A DOUBLE ROW OF 

5. FULL LENGTH EDGE OF BLANKETS AT TOP OF SIDE SLOPES MUST BE ANCHORED WITH A ROW OF STAPLES/STAKES APPROXIMATELY 

6. ADJACENT BLANKETS MUST BE OVERLAPPED APPROXIMATELY 2"-5" (5cm-12.5cm) (DEPENDING ON BLANKET N P E )  AND STAPLED. 

BACKFILL AND COMPACT THE TRENCH AFlER STAPLING. 

7. IN HIGH FLOW CHANNEL APPLICATIONS, A STAPLE CHECK SLOT IS RECOMMENDED AT 30 TO 40 FOOT (9rn-12m) INTERVALS. USE 

8. THE TERMINAL END OF THE BLANKETS MUST BE ANCHORED WITH A ROW OF STAPLES/STAKES APPROXIMATELY 12" (30crn) APART 
IN A 6" (15crn) DEEP X 6' (15cm) WIDE TRENCH. BACKFILL AND COMPACT THE TRENCH AFTER STAPLING. 

NOTE: *= CRITICAL POINTS HORIZONTAL STAPLE SPACING SHOULD BE ALTERED 

A. OVERLAPS AND SEAMS CRITICAL POINTS ALONG THE CHANNEL SURFACE. 
B. PROJECTED WATER LINE 

IF NECESSARY TO ALLOW STAPLES TO SECURE THE 

C. CHANNEL BOllOM/SIDE ** IN LOOSE SOIL CONDITIONS, THE USE OF STAPLE 
OR STAKE LENGTHS GREATER THAN 6" ( 1 5  cm) MAY 
BE NECESSARY TO PROPERLY ANCHOR THE BLANKETS. 

SLOPE VERTICES 

14649 HIGHWAY 41 NORTH, EVANSVILLE, INDIANA 47725 
000-772-2040 
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SHORELINE INSTALLATION 

NORTH 
AMERICAN 

I 1 GREEN 

2. PREPARE SOIL BEFORE INSTALLING BLANKETS. INCLUDING ANY NECESSARY APPLICATION OF LIME. FERTILIZER, AND SEED 
NOTE: WHEN USING CELL-0-SEED. DO NOT SEED PREPARED AREA. 
SIDE DOWN. 

WITH APPROXIMATELY 12’ (30cm) OF BLANKET EXTENDED BEYOND THE UP-SLOPE PORTION OF THE TRENCH. 
THE BLANKET WITH A ROW OF STAPLES/STAKES APPROXIMATELY 12’ (3Dcm) APART IN THE BOTTOM OF THE TRENCH. 
BACKFILL AND COMPACT THE TRENCH AFTER STAPLING. 
PORTION OF BLANKET BACK OVER SEED AND COMPACTED SOIL 
STAPLES/STAKES SPACED APPROXIMATELY 12” (30cm) APART ACROSS THE WIDTH OF THE BLANKET. 

THE SHORELINE SLOPE. BLANKETS WILL UNROLL WITH APPROPRIATE SIDE AGAINST THE SOIL SURFACE. 
BE SECURELY FASTENED TO SOIL SURFACE BY PLACING STAPLES/STAKES IN APPROPRIATE LOCATIONS AS SHOWN IN THE STAPLE 
PATTERN GUIDE. 
DOTS CORRESPONDING TO THE APPROPRIATE STAPLE PATTERN. 

CELL-0-SEED MUST BE INSTALLED WITH PAPER 

3. BEGIN AT THE TOP OF THE SHORELINE BY ANCHORING THE BLANKET IN A 6” (15cm) DEEP X 6’ (15cm) WIDE TRENCH 
ANCHOR 

APPLY SEED TO COMPACTED SOIL AND FOLD REMAINING 12” (3Dcm) 
SECURE BLANKET OVER COMPACTED SOIL WITH A ROW OF 

4. ROLL BLANKETS EITHER (A.) DOWN THE SHORELINE FOR LONG BANKS, (TOP TO BOTTOM) OR (e.) HORIZONTALLY ACROSS 
ALL BLANKETS MUST 

WHEN USING THE DOT SYSTEM’”. STAPLES/STAKES SHOULD BE PIACED THROUGH EACH OF THE COLORED 

5. THE EDGES OF ALL HORIZONTAL AND VERTICAL BLANKET SEAMS MUST BE STAPLED WITH APPROXIMATELY 2“-5” (5cm-12.5cm) 
OVERLAP. 
BLANKET (BLANKET BEING INSTALLED ON TOP) EVEN WITH THE COLORED SEAM STITCH’”0N THE PREVIOUSLY INSTALLED BLANKET. 
SECURE ALL OVERLAPS WITH STAPLES SPACED 12” (30cm) APART. 

NOTE: 
* SEAM OVERLAP SHOULD BE SHINGLED ACCORDING TO PREDOMINANT EROSIVE ACTION. 

IN A 12” (30cm) DEEP X 6” (15cm) WIDE ANCHOR TRENCH. 
SPACED APPROXIMATELY 12” (30cm) APART IN THE TRENCH. 
SOIL MAY BE USED AS BACKFILL.) 
NOTE: 
* IN LOOSE SOIL CONDITIONS, THE USE OF STAPLE OR STAKE LENGTHS GREATER THAN 6’ (15cm) MAY BE NECESSARY 
TO PROPERLY ANCHOR THE BLANKETS. 

TO ENSURE PROPER SEAM ALIGNMENT B€lWEEN ADJACENT BLANKETS. PLACE THE EDGE OF THE OVERLAPPING 

6. THE EDGE OF THE BLANKET AT OR BELOW NORMAL WATER L€VEL MUST BE ANCHORED BY PLACING THE BLANKET 
ANCHOR THE BLANKET WITH A ROW OF STAPLES/STAKES 

BACKFILL AND COMPACT THE TRENCH AFrER STAPLING (STONE OR 

14649 HIGHWAY 4 1  NORTH. EVANSVILLE. INDIANA 47725 
800-772-2040 

www.nagreen.com REV. 7 3 2 0 0 3  



AMERICAN 
GREEN 

Storage of North American Green Rolled Erosion Control Products 

All North American Green rolled erosion control products must be stored under the following conditions. 
Storage in this manner will maintain the RECP's functional longevity. 

0 

0 

0 

The RECPs should be stored in their original packaging, out of direct sunlight, and protected 
from moisture (e.g. rain, runoff, and flooding). 
Protection of the RECPs requires the rolls be effectively covered with tarps or stored in a vented 
container (especially true for RECPs containing straw fibers) 
May require the use of pallets or other materials to ensure the rolls are protected from sunlight 
and moisture. 

Because the RECPs may contain the North American Green Cell-0-Seed option (seeds incorporated into 
the product) it is paramount that the RECPs be stored in a location that will also limit seed germination 
(reduced exposure to light, moisture, extreme temperatures, etc.). However, the RECPs should not be 
stored under such environmental extremes that may result in the seeds being killed. Specifically, RECPs 
with the Cell-o-Seed option should be stored where temperatures will induce winter dormancy for the 
seeds and thus not allow seeds to germinate during storage (temperatures of approximately 20-35" F 
should suffice). 

14649 Hwy 41 North Evansvillc, IN 47725 0 800-772-2040 0 812-867-6632 0 Fax: 812-867-0247 
www.nagrccn.com 0 www.vinax3.com 



MATERIAL SPECIFICATION 

SC250 NORTH 
AMO?ICAN 

GREEN’ 

The composite turf reinforcement mat (C-TRM) shall be a machine-produced mat of 70% straw/30% coconut fiber matrix 
incorporated into a permanent three-dimensional turf reinforcement matting. 

The matrix shall be evenly distributed across the entire width of the matting and stitch bonded between a heavy duty UV 
stabilized bottom net with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings, an ultra heavy duty W stabilized, dramatically 
corrugated (crimped) intermediate netting with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings, and covered by a heavy duty 
W stabilized top net with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings. The middle corrugated netting shall form 
prominent closely spaced ridges across the entire width of the mat. The three nettings shall be stitched together on 1.50 
inch (3.8 1 cm) centers with UV stabilized polypropylene thread to form a permanent three-dimensional turf reinforcement 
matting. 

The SC250 shall meet requirements established by the Erosion Control Technology Council (ECTC) Specification and the 
U.S. Department of Transportation, Federal Highway Administration’s (FHWA) Standard Specijications For 
Construction of Roads and Bridges on Federal Highway Projects, FP-03 2003 Section 713.18 as a Type 5A, B, and C 
Permanent Turf Reinforcement Mat. 

Installation staple patterns shall be clearly marked on the turf reinforcement mattings with environmentally safe paint. All 
mats shall be manufactured with a colored thread stitched along both outer edges (approximately 2-5 inches [5-12.5 cm] 
from the edge) as an overlap guide for adjacent mats. 

The composite turf reinforcement mat shall be the North American Green SC250, or equivalent. The SC250 permanent 
composite turf reinforcement mat shall have the following physical properties: 

Material Content 

Matrix 70% Straw Fiber 
(0.35 Ib/yd2) (0.19 kg/m2) 
30% Coconut Fiber 
(0.15 Ib/yd2) (0.08 kg/m2) 

Netting Top and Bottom - Heavy Duty W Stabilized Polypropylene 
(5.0 Ibs/l,OOO ft2 [2.44 kg/100 m2] approximate weight) 

Mid - Corrugated Ultra Heavy Duty W Stabilized Polypropylene 
(24 lb/1,000 ft2 r11.7 kg/100 m2] approximate weight) 

Thread UV Stabilized Polypropylene 

SC250 is Available with the Following Physical Specifications Per Roll [English Units (Metric Units)] 

Width 6.50 ft (2.00 m) 
Length 55.50 ft (16.90 in) 

Weight f 10% 34.00 Ibs (15.42 kg) 
Area 40.00 yd’ (33.40 m2) 

Stitch Spacing for All Rolls = 1 S O  inches (3.8 1 cni) 

Updated 112004 



SUPPLEMENTAL SPECIFICATION 

AMERICAN SC250 
GREEN” 

Parameters 
50 mm (2 in)/hr for 30 min 

100 mm (4 in)/hr for 30 min 
150 mm (6 in)/hr for 30 min 

Shear: 3.02 Ibs/ft2 for 30 min 

Shear: 5.57 Ibs/ft2 for 30 min 
Shear: 5.91 Ibs/ft2 for 30 min 

The composite turf reinforcement mat (C-TRM) shall be a machine-produced mat of 70% straw/30% coconut fiber matrix incorporated into a 
permanent three-dimensional turf reinforcement matting. 

The matrix shall be stitch bonded between a heavy duty UV stabilized bottom net with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings, a ultra 
heavy duty UV stabilized, dramatically corrugated (crimped) intermediate netting with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings, and 
covered by a heavy duty UV stabilized top net with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings. The middle corrugated netting shall form 
prominent closely spaced ridges across the entire width of the mat. The three nets shall be stitched together on 1 .SO inch (3.81 cm) centers 
with UV stabilized polypropylene thread to form a permanent three-dimensional turf reinforcement matting. 

Results 
Soil loss ratio* = 18.25 

Soil loss ratio* = 20.97 

Soil loss ratio* = 22.74 

Soil loss: 53g 

Soil loss: 146g 

Soil loss: 2 15g 

Property 
Thickness 
Resiliency 
Density 
Mass /Unit Area 
Porosity 
Stifiess 
Light Penetration 
MD Tensile Strength 
MD Elongation 
TD Tensile Strength 
TD Elongation 

Test Method 
ASTM D6525 
ASTM D1777 
ASTM D792 
ASTM D6566 
ECTC Guidelines 
ASTM D1388/ECTC 
ECTC Guidelines 
ASTM D68 18 [D5035] 
ASTM D68 18 @I50351 
ASTM D68 18 @I50351 
ASTM D68 18 ID50351 

Typical 
0.72 in (1 8.29 mm) 

0.529 02/in3 (0.915 g/cm3) 
17.88 odydZ (606 g/d) 
99% 
222.65 oz-in (2,485,05 1 mg-cm) 
8.90 % 
620 IbdA (9.05 kN/m) [520 Ibdft (7.59 kN/m)] 
35 % [32%] 
737 IbdA (10.75 kN/m) [784 Ibdft (1 1.44 kN/m)J 

95.20% 

I6 % r 17.50%1 

SC250 PERMANENT TURF REINFORCEMENT MATTING ONLY 
Test Method Typical 

hickness ASTM D6525 0.48 in ( 1  2.19 mm) 
UV Stability ASTM D4355* 100% 

ASTM D6818 [DS035] 

ASTM D6818 [D5035] 

655 Ibs/ft (9.56 kN/m) [500 Ibs/ft (7.30 kN/m)] 

666 lbs/A (9.72 kN/m) [700 Ibs/ft (10.21 kN/m)] 

v 
MD Tensile Strength 
MD Elongation ASTM D6818 [DS035] 25% [27%] 
TD Tensile Strength 
TD Elongation ASTM D6818 [D5035] 16% [ 15%] 
*ASTM D1682 (4 inch strip) Tensile Strength and percent Strength Retention of material following 1000 hrs exposure in Xenon-Arc Weatherometer. 
MD - Machine direction; TD - Transverse direction 

Bench Scale Testingt 
Test Method - Description 

ECTC Method 2 - Determination of 
unvegetated RECP’s ability to protect soil 
from rain splash and associated runoff 

ECTC Method 3 - Determination of 
unvegetated RECP’s ability to protect soil 
from hydraulically-induced shear stress. 
Failure criteria = 0.50 inch soil loss 

ECTC Draft Method 4 - Determination of 
temporary RECP performance in 
encouraging seed germination and plant 
growth 

* Soil Loss Ratio = Soil Loss with Bare Soil / 
+Bench Scale Performance Testinc 

Shear at  0.50 inch soil loss (450g) I 7.7 Ibslft’ I 

. improvement = J U Y O  

sed biomass) 

I 
~~~ 

oil Lo?? with RECP (NOTE Soil loss based on reeression analvsis) 
- 

Bench scale tcsts are index property tests. These tests are not indicative of field performance and therefore should not be used in design to 
establish pcrfonnaiice lcvcls for rolled erosion control products. Bench scale tests are performed according to mcthods dcveloped by the 
Erosion Control Technology Council (ECTC). 

Updated 1/2004 



a PERFORMANCE SPECIFICATION 

SC250 AMERICAN 
GREEN8 

Slope Length (L) 
I20 ft (6 m) 

The composite turf reinforcement mat (C-TRM) shall be a machine-produced mat of 70% straw/30% coconut fiber 
matrix incorporated into a permanent three-dimensional turf reinforcement matting. 

Slope Gradient (S) 

0.0010 I 0.0209 1 0.0507 
I3:1 I 3:l-2:l I 2 2:l 

The matrix shall be evenly distributed across the entire width of the matting and stitch bonded between heavy duty 
UV stabilized top and bottom nets with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings and an ultra heavy duty UV 
stabilized, dramatically corrugated (crimped) intermediate netting with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings. 
The middle corrugated netting shall form prominent closely spaced ridges across the entire width of the mat. The 
three nettings shall be stitched together on 1.50 inch (3.81 cm) centers with UV stabilized polypropylene thread to 
form a permanent three-dimensional turf reinforcement matting. 

20 - 50 ft 0.023 0.023 0.023 

0.040 

Values are approximate, precise values obtained from 
ECMDSTM 

Channel Design Data 

Maximum Permissible Shear Stress* 
Short Duration Long Duration 

Phase 1 3.0 lbs/ft2 2.5 Ibs/ftz 
UNVEGETATED (144 Pa) (120 Pa) 

Phase 2 8.0 Ibs/ftz 8.0 lbs/ft2 
PARTIALLY VEGETATED (384 Pa) (384 Pa) 

Phase 3 10.0 lbs/ft2 8.0 lbs/ftz 
FULLY VEGETATED (480 Pa) (384 Pa) 

Unvegetated = 9.5 ft/s (2.9 d s )  
Vegetated = 15 ft/s (4.6 d s )  

*Performance values obtained through third party testing at the Texas Transportation Institute, Colorado State University, and/or Utah State 
University based on soil loss failure criteria not exceeding 0.50 inches ( I  .27 cm). 

0 Updated 1/2004 

14649 Highway 41 North 0 Evansville, Indiana 47725 0 812-867-6632 
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NORTH 
AMERICAN 

GREEN” 

MATERIAL SPECIFICATION 

SC150 
The extended-term erosion control blanket shall be a machine-produced blanket of 70% agricultural straw and 30% 
coconut fiber matrix with a functional longevity of up to 24 months. (NOTE: functional longevity may vary depending 
upon climatic conditions, soil, geographic location, and elevation). 

The blanket shall be of consistent thickness with the straw and coconut evenly distributed over the entire area of the 
blanket. The blanket shall be covered on the top side with heavyweight photodegradable polypropylene netting having 
ultraviolet additives to delay breakdown and an approximate 0.63 x 0.63 inch (1.59 x 1.59 cm) mesh, and on the 
bottom side with a lightweight photodegradable polypropylene netting with an approximate 0.50 x 0.50 inch (1.27 x 
1.27 cm) mesh. The blanket shall be sewn together on 1.50 inch (3.81 cm) centers with degradable thread. 

The SC 150 shall meet requirements established by the Erosion Control Technology Council (ECTC) Specification and 
the U.S. Department of Transportation, Federal Highway Administration’s (FHWA) Standard SpeciJications For 
Construction of Roads and Bridges on Federal Highway Projects, FP-03 2003 Section 713.1 7 as a Type 3.B Extended- 
term Erosion Control Blanket. 

The SC150 is also available upon request with the DOT SystemTM. The DOT SystemTM consists of installation staple 
patterns clearly marked on the erosion control blanket with environmentally safe paint. The blanket shall be 
manufactured with a colored line or thread stitched along both outer edges (approximately 2-5 inches [5-12.5 cm] from 
the edge) to ensure proper material overlapping. 

The extended-term straw/coconut fiber erosion control blanket shall be SC150 as manufactured by North American 
Green, or equivalent. The SC150 erosion control blanket shall have the following properties: 

Material Content 

Matrix 70% Straw Fiber 
(0.35 Ib/yd2) (0.19 kg/m2) 
30% Coconut Fiber 
(0.15 Ib/yd2) (0.08 kg/m2) 
Top side heavyweight photodegradable with UV additives 
(3.0 lbs/1,000 ft2 [1.47 kg/100 m2] approximate weight) 
Bottom side lightweight photodegradable 
Minimum netting weight (1 S O  Ibs/l,OOO ft2 [0.73 kg/100 m2] approx. weight) 

Netting 

Thread Degradable 

SC150 is Available with the Following Physical Specifications Per Roll [English Units (Metric Units)] 

Width 6.67 ft (2.03 m) 16.0 ft (4.87 m) 
Length 108.00 ft (32.92 m) 108.0 ft (32.92 m) 
Weight f 10% 
Area 80.00 yds2 (66.89 m2) 192.0 yd2 (165.53 m2) 

Roll Widths Also Available Upon Special Request 

44.00 Ibs (19.95 kg) 105.6 Ibs (47.90 kg) 

Width 8.0 ft (2.43 in) 13.3 ft (4.05 m) 
Length 108.0 ft (32.92 in) 108.0 ft (32.92 ni) 
Weight f 10% 88.0 Ibs (39.92 kg) 

160.0 yd2 ( 1  33.78 In2) 
52.8 Ibs (23.95 kg) 
96.0 yd2 (80.26 in2) a Area 

Stitch Spacing for All Rolls = 1.50 inches (3.8 I cm) 
Updated I /2004 



The North American Green SC 150 extended-term degradable erosion control blanket is constructed with 
a 70% agricultural straw and 30% coconut fiber matrix and has a functional longevity of up to 24 months 
(NOTE: functional longevity may vary depending upon climatic conditions, soil, geographic location, and 
elevation). The straw and coconut fibers shall be evenly distributed over the entire area of the blanket. 
The blanket shall be covered on the top with a heavyweight polypropylene netting having ultraviolet 
additives to delay breakdown and an approximate 0.625 x 0.625 inch (1.59 x 1.59 cm) mesh size. The 
blanket shall be covered on the bottom with a lightweight polypropylene net having a 0.50 inch x 0.50 
inch (1.27 cm x 1.27 cm) mesh size. The blanket shall be sewn together on 1.50 inch (3.8 1 cm) centers 
with degradable thread. The following list contains further physical properties of the SC150 erosion 
control blanket. 

Parameters 
Shear: 1.65 Ibs/ft* for 30 min 

Property Test Method 
Thickness ASTM D5 199/ECTC 
Resiliency ECTC Guidelines 
Mass per Unit Area 
Water Absorption ASTM D1117/ECTC 
Swell ECTC Guidelines 
S ti ffness/Flexi bi 1 ity ASTM D13WECTC 
Light Penetration ECTC Guidelines 
Smolder Resistance ECTC Guidelines 
MD Tensile Strength ASTM D5035 
MD Elongation ASTM D5035 
TD Tensile Strength ASTM D5035 
TD Elongation ASTM D5035 
**Material is smolder resistant according to the specified test 
MD - Machine direction 
TD - Transverse direction 

ASTM D6475 

~~ 

Results - 
Soil loss: 47.0 g 

Bench Scale Testingt 
Test Method - Description 

ECTC Method 3 - Determination of 
unvegetated RECP's ability to protect 
soil from hydraulically-induced shear 
stress. 
Failure criteria = 0.50 inch soil loss 

Shear: 2.91 Ibs/ft2 for 30 min 
Shear: 4.32 lbs/ft2 for 30 min 
Shear at 0.50 inch soil loss (450g) 

Typical 
0.34 in (8.64 mm) 

11.44 oz/yd2 (388 g/m2) 
200% 

1.1 1 oz-in (12,397 mg-cm) 

Yes** 
205.20 Ibs/ft (2.99 kN/m) 

152.40 Ibs/ft (2.22 kN/m) 

75% 

30% 

1 1.70% 

2 8 .OO% 

23.10% 

Soil loss: 193 .O g 
Soil loss: 561.0 g 
3.9 Ibs/ft2 

'Bench Scale Performance Testing 
Bench scale tests are index property tests. These tests are not indicative of field performance and therefore 
should not be used in design to establish performance levels for rolled erosion control products. Bench 
scale tests are performed according to methods developed by the Erosion Control Technology Council 
(ECTC). 

Updated 1/2004 



-a 
For Submittal of Shop Drawings, Equipment Data, Material'Samples, 

Manufacturer's Certificates of Compliance, or Other 
(Read Instructions prior to initiating this form.) 

Date: 02/02/05 
New Submittal 

X Resubmittal 

To: From: 
Mr. Bob Davis Paul Kreitz Subcontract No: KH020577 
WETS S.M. Stoller Corporation 
10808 Highway 93, Unit B Bldg 116 
Golden, CO 80403-8300 

990 South Public Road, Suite A 
Lafayette, CO 80026 

Submittal No. O1O.a 

Previous Submittal No. 010 

Specification Sec. No. (Cover only one section with each Submittal) 

Item Description of Item Submitted MFG. Or Contr. Cat., Curve 
No. (Type, size, model number, etc.) Drawing or  Brochure No. 

(See Instruction #8) 

Project Title: Construction of the Present Landfill Accelerated Action 

No. of Contract Reference Deviation Contractor 
Copies Document (See Instruction Action Code 

Spec. Drawing #a) (See Instruction #9) 
Paragraph No. Sheet No. 

in detail and are  correct and in strict conformance with the 
contract drawings and specifications except as otherwise 
nnted. 

a. 

1 

I Date: 
Enclosures Returned (List by Item No.): 

' 1 Title and Signature of Accepting Authority: 

b. C. d. e. f. g. h. 

Material Specification C 350 Material Specification 1l2004 6 02227 NIA 

2 Product Data I NAG C 350 I 6 I 02227 I NIA I ~~~ 

3 Froduct Sample NAG C 350 6 02227 NIA 



MATERIAL SPECIFICATION 

C350 

The composite turf reinforcement mat (C-TRM) shall be a machine-produced mat of 100% coconut fiber matrix 
incorporated into a permanent three-dimensional turf reinforcement matting. 

The matrix shall be evenly distributed across the entire width of the matting and stitch bonded between a super heavy 
duty UV stabilized bottom net with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings, an ultra-heavy duty UV stabilized, 
dramatically corrugated (crimped) intermediate netting with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings, and covered 
by a super heavy duty UV stabilized top net with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings. The corrugated netting 
shall form prominent closely spaced ridges across the entire width of the mat. The three nettings shall be stitched 
together on 1.50 inch (3.81 cm) centers with UV stabilized polypropylene thread to form a permanent three- 
dimensional turf reinforcement matting. 

The C350 shall meet requirements established by the Erosion Control Technology Council (ECTC) Specification and 
the U.S. Department of Transportation, Federal Highway Administration’s (FHWA) Standard Specifications For 
Construction of Roads and Bridges on Federal Highway Projects, FP-03 2003 Section 713.18 as a Type 5A, B, and C 
Permanent Turf Reinforcement Mat. 

Installation staple patterns shall be clearly marked on the turf reinforcement matting with environmentally safe paint. 
All mats shall be manufactured with a colored thread stitched along both outer edges (approximately 2-5 inches [5-I 2.5 
cm] from the edge) as an overlap guide for adjacent mats. 

The composite turf reinforcement mat shall be the North American Green C350, or equivalent. The C350 permanent 
composite turf reinforcement mat shall have the following physical properties: 

Material Content 

Matrix 100% Coconut Fiber 
(0.50 Ib/yd2) (0.27 kg/m2) 

NettiGgs Top - Super Heavy Duty UV Stabilized Polypropylene 
8.00 lbs/1,000 !I2 (3.91 kg/100 m2) 

Mid - Corrugated Ultra-Heavy Duty UV Stabilized Polypropylene 
24 lb/l ,000 ft2 ( 1  1.7 kg/lOO m2) 

Bottom - Super Heavy Duty UV Stabilized Polypropylene 
8.00 lbs/1,000 !I2 (3.91 kg/100 m2) 

Thread UV Stabilized Polypropylene 

C350 is Available with the Following Physical Specifications Per Roll [English Units (Metric Units)] 

Width 6.50 f? (2.00 m) 
Length 55.50 f? (16.90 m) 
Weight f 10% 37.00 Ibs ( 1  6.80 kg) 
Area 40.00 yd2 (33.40 in’) 

Stitch Spacing for All Rolls = 1 S O  inches (3.8 1 cm) 

Updated 1/2004 
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TABLE 1 
ROCKY FLATS/FIELD and LAB TESTINGKO 

SUMMARY OF SOIL DATA 

NOTES: LL = LIQUID LIMIT T = TRIAXIAL TEST 
PL = PLASTIC LIMIT 
PI = PLASTIC INDEX 
SL = SHRINKAGE LIMIT 

U = UNCONFINED COMPRESSION TEST 
C = CONSOLIDATION TEST 

DS = DIRECT SHEAR TEST 
PERM = PERMEAEIILITY 

* ASTM D47 I8 

Golder ApF ia tes  

043-2yD001 



i 
ATTERBERG LIMITS 

AS RECEIVEDWATERCONTENI 

Tare No. 

Wi. o f  Tare (gm) 

wi. o f  water (8”) 

)ismre Contcni (%) 

PROJECT NAME 

PROJECT NUMBER: 
SAMPLE ID: 

TYPE 

Rocky Flats/Field & Lab Testing/CO 
043-2246.0001 
PF- 1 
BULK 

4 OR 3 POINT ATTERBERG 

PLASTIC LIMIT DETERhlINATION LlQUlD LlMlT DETERMINATIOh 
imber of Blows 
eight of Wet Soil & 
eight of Dry Soil & 
eight o f  Tare (gm) 
eight o f  Water (gm) 
eight o f  Dry Soil (gm 

Bter Content % 

PLASTIC LIMIT (PL) rn 
PLASTICITY INDEX (PI) 

LOWS MC 
29 38.00 3.37 25 
20 41.39 3.00 0.00 
15 45.27 2.71 -2 
0 0.00 #NUM! 

LIQUID LIMIT (LL) 

13 POINTS~ 
I 25.00 25.00 10.0( 

ONE POlNT ATTERBERC 

umber of Blous PLASTIC L I M I T S  

,ght d u d  soli .a T - ~ ( ~ )  

or DO sa1 a T ~ C  (p) 

eight of Tare (gm) 

eight of Water (gm) 
eight of Dry Soil (gm 

ater Content % 

PLASTIC LIMIT (PL) 

0 

3-POINTS 

PLASTICITY INDEX (PI) 

0 

imber of Blows PLASTIC LIMITS 
igbt ol Wcf hl & Tan (m) 

~&!ofDrySoii&T~c(~)  
eight ofTare (gm) 
eight of Water (gm) 
eight of Dry Soil (gni 
nter Content YO 

PLASTIC IAhlIT (PI,) 
m 

LIQUID LIMITS 

j r  

Gnlder Associates Iiic. 



, 

Tare No. 

WI. W e  Soil & Tare (p) 

Wt. Dry Soil & Tare (p) 

WI. of Tare (p) 

WI. or wxu (p) 

MoKrurc Contan (%) I 1 6 . 1  I 
Wcigbt of W Soil (pm) 

IYDROSCOPIC hlOlSTURE FOR SIEVE SAMPLE 

u c  Wcigbt (pm) 

loirmrc cancnt ('A) 

.US M MATERIAL SIEVE 

Tarc Weigh 

ob1 Wdpht of Sample 

h. +Tare (pm) 

weigh  (gm) 
mal weight (p) 

U r d  Far S b v r  A ~ i l y r l s  Corrected for Hydrorroplc Molslnre 

Wore separating m the #4 sieve) 

A % 

12.0" 

6.0' 

3.0' 

2.5- 

2.0" 

1.5- 

I .O" 

0.75' 

0375" 

#4 

BACK SIE\'E 

Tare Wcigbt 

%PASSING 

UlO 

u20 

M O  

U60 

# I O 0  

1200 

MONTH AND YEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLE I D  

TYPE 

Dncriptioo 

USCS 

LL TEST BY 

PL DATE SET W 
PI REVIEWBY 

m e s a n d  

f m a  

1 6 . 4 6  

53.10 

WEIGHT OFSAMPLE USED FOR HYDROMETER TEST 
wt of Samplc wa or E ly (p)  

%FinCI 

I 

Golder Associates Inc. 



'Sly-04 ' 043-2246.0001 
PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: PF-1 Depth (ft): - 
TYPE: BULK 

Rocky FlatsField & Lab Testing/CO 

COBBLES 

100 

C08,X F k  Caarrc MCdilrm Fine Sill or Clay 

GRAVEL SAND FMES 

90 

12.0" 

6.0" 

3.0" 
2.5" 

80 

304.8 100.0 

154.2 100.0 Cobbles 0.00 

75.0 100.0 

63.5 100.0 

60 
a 

50 
S 

i 
n 40 

g 
30 

.- il U 

1)ESCRIPI'ION: 

USCS: 

20 

0.034 25.4 

0.022 22.8 

0.013 22.0 Fines 

0.0091 21.6 Silt or Clay 30.44 
0.0064 20.3 

0.0032 19.0 
0.001 3 17.8 

Yellowish brown ( I O  Y R  5/8) clayey sand with 
gravel 

sc I 

IO 

0 
1000 100 IO 1 0. I 

I 

0.01 0.001 

Particle size in millimeters 

2 . 0  I 50.0 I 100.0 

100.0 

0.75" 100.0 

0.375" 97.7 

4.8 I 83.5 I FineGravel I 16.46 

#IO I 2.00 I 78.2 I CoaneSand I 5.37 

#20 I 0.85 I 67.0 I 
#40 I 0.43 I 54.3 I Mediumsand I 23.88 

I #60 I 0.25 I 45.1 

#IO0 I 0.15 I 37.7 

PLASTICITY CHART 
60 

I 

50 

40 

30 

20 

10 

0 

60 70 80 90 100 110 I 0 10 20 30 40 , 

LIQUID LIMIT (LL) 

ATTERBERG LIMITS 

hi. 1.L PL PI SpT. 

16.1 1 39 I 19 I 20 I 

TECH1 JK 

Colder Associates Inc. 



MOISTURE DENSITY m V E S  
ASTM D 698 & 1557 

(W1) 
(W2) 

Rocky FlatslField & L a b  Testing/CO D 4718 I 
043-2246.0001 I 

BULK 
PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

TYPE COMPACTOR 
p z x q  pczzzq 

2271.5 hlETHOD 8: 20% RETAINED ON #4 AND 
TYPE PROCTOR 20% OR LESS RETAINED ON 3/8 

4.575 
METHOD C: > 20% RETAINED ON 3/8" AND 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cu.ft) 

5.5 4bf. RARlhlER WITH 12 INCH DROP < 30% RETAINED ON 3/4" 

504.07 I 177.89 TOTAL WEIGHT, WET 
492.88 I 170.13 TOTAL WEIGHT. DRY 

WATER CONTENT 

(W1) 
(W2) 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (%) 

4010.3 I 4194.0 I 4233.1 I 4231.4 I 4189.6 I I 
2271.50 I 2271.50 I 2271.50 I 2271.50 I 2271.50 I 1 . .  

(w3=WI-W2) 
(W3/453.6*Vm) 

'I 28.91 WEIGHT RETAINED ON # 4 SIEVE (WET) 3383.60 
7.76 WEIGHT RETAINED ON 3/8" SIEVE W E T )  

1738.80 1 1922.50 I 1961.60 I 1959.90 I 1918.10 1 I 
115.22 I 127.39 I 129.98 I 129.87 I 127.10 I I 

WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE 

pV7=W4-W5) 
(WS=WS-W6) 

PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 

(w4N5)*100 2.3% I 5.5% 

52.06 I 52.63 I 71.45 I 67.80 I 71.71 I I 
524.29 I 459.90 I 525.62 I 452.29 I 432.20 I I 

POINT RESULTS (FINE) 

Wt. Soil & Mold 
Weight of Mold 
Wt. Of Wet Soil 
Wet Density, wd (pcf) 

WATER CONTENTS 
Wt Tare & Soil 
w t  Tare & Soil 
w t  Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (%) 
Dry Density (pcf) 

I I i I I 5 I 6 I 7 1 2 3 4 I 

(\+r4) r 680.59 I 613.87 I 697.53 I 623.27 I 604.74 I I 1 
561.24 I 626.08 I 555.47 1 533.03 I I 
101.34 I 100.46 I 103.18 I 100.83 I 

11.4% I 13.6% I 15.0% I 16.6% I I 
114.3 I 114.4 I 112.9 I 109.0 I I 

MAXIMUM DRY DENSITY @cf) 
OPTIMUM hlOlSTURE CONTENT (%) 
Corrected Maximum Dry Density (pcf) 
Corrected Optimum Moisture (%) 

I 115.8 I 

120.6 le/ gravel 

USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight o f  Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 
Weight of Saturated Sample in Water (gm) C 301.90 
4bsorption of  Oversize Particles (%) j(B-A)/AI*IOO 

Bulk Specific Gravity A/(B-C) 2.465 I I I 
4VERAGE ABSORPTION (assumed) 
4VERAGE BULK SPECIFIC GRAVITY (assumed) 

PI 

FEE 
RE \'I E \+' 

Golder Associates 
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MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

DESCRIPTION 

MAXlMUM DRY DENSITY @cf) 1 15.8 I Corrected Maximum Dry Density (pcf) 120.6 
OPTIMUM MOISTURE (%) 12.7 I Corrected Optimum Moisture (%) 10.7 

Yellowish brown (10 YR 5 / 8 )  clayey sand with gravel 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

I 

Rocky FlatslField & Lab TestingKO 
043-2246.0001 

LLFl PL 

MC p*B 16.1% 

REV I E W 

Golder Associates 



ATTERBERG LIMITS 

AS RECEIVED WATER 

Tare No. 

WI. We( Soil & Tare (gm) 

WI. Dry Soil & Tare (gm) 

WI. of Tare (p) 

WI. of walu (gm) 
Weight of Dzy Soil (p) 

C O M E M  PROJECTNMYE 

PROJECT NUMBER: 

SAMPLE I D  

TYPE 

Rocky FlatsField & Lab Testing/CO 
043-2246.000 1 
PF-2 
BULK 

oirnucContm1(%) I 10.34 I 

4 OR 3 POINT ATTERBERG 

PLASTIC LIMIT DETERhllNATION LIQUID LIMIT DETERMINATIOh 
umber of Blows 
reight of Wet Soil & 
'eight of Soil & 
'eight of Tare (gm) 
'eight of Water (gm) 
'eight of Dry Soil (gm 
'nter Content ?4 

PLASTIC LlhllT(PL) rn 
PLASTICITY INDEX (PI) 

'LOWS MC 
32 41.42 3.47 25 
25 42.84 3.22 0.00 
17 46.08 2.83 -2 
0 0.00 #NUM! 

LIQUID LIMIT (LL) m 

I ONE POINT ATTERBERC 

c i a ,  d U ' d  scil c 1°C (p) 

PLASTIC LIMITS 

PLASTIC LIMIT (PL) 

0 
PLASTICITY INDEX (PI) 
n 

LIQUID LIMITS 

BLOWS 

K VALUE 

LIQUID LIMIT(LL) 
n 

)-POINTS 

umber of Blows PLASTIC LIMITS 
Cigbio~WcIScilBTm(g0) 

cia! .,rhy soil c T= (pm) 

Weight ofTare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (p. 
Water Content % t i .. 

LIQUID LIhIIT (LL) 

-1 

Golclcr Associates Iiic. 



Tare No. 

WI. Wd Soil & Tare (gm) 

Wt. B y  Soil & Tare (gn) 

WI. of Tare (gm) 

w t .  of Water (gm) 

Weight ofDry Soil (gm) 

hloimm Content (ti) 

HYDROSCOPIC MOIST 

Wt. Soil & Tare (8") 

Ory Soil &Tare (gm) 
T m  Weight (gm) 

Moisnue Content ('A) 

Total Weight oISsmplr Used For Sieve Analysis Corrected for Hydrortoplr nlolrcurc 

Wt. + Tam(& 

Tare Weight (gm) 

Tom1 Weight (p) 

(bcforc separating on tbc #4 sicvc) 

% % 

PLUS #4 MATERIAL SEVE 

Tam Weight 

1 

BACK SIEVE 

Tare Weight 

hlOhTI1 AND YEAH 

PROJECT NALlE 

PROJFCr NUIlRFR 

SAblPLE ID 

11 I't 

LL 

PL 

PI 

W E I G H T  OF SAMPLE USED FOR HYDROMETER TEST 

Wt afSamplcWdorDr)(gm) 

TEST BY 

DATE SET UP 

REVIEW BY 

I cobbla -1 
14.78 

56.35 

4 
z I 

Golcler Associates Iric. 



COBBLES 

cwrw Fine Conne Mcdilrm Finr I Sill a Clsy 

GRAVEL SAND FMES 

DESCRIPTION: Yellowish brown (IO YR 5/8) clayey sand 

~ly-04 ' 043-2246.000 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTRI D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: PP-2 Depth (ft): - 
TYPE: BULK 

Rocky Plats/Field & Lab TestiodCO 

#20 #40 #60 #IO0 

w 

2" 12" 
IO0 

90 

80 

% 70 

60 
a 

50 
S 
i 

g 
0 4o 

30 

20 

IO 

0 
1 

Particle size io millimeters 

0.1 IO 0.01 0.001 1000 100 

e Size Panicle Size Pani 

(mm) % Pnssing Classification Percentage 

0.00 

0.00 

14.78 
11.45 

23.86 

21 n i  

PLASTICITY CHART 12.0" 100.0 

154.2 100.0 Cobbles 

100.0 

100.0 t 1 
0 IO 20 30 40 SO 60 70 SO 90 100 110 

LIQUU) LIMIT (LL) 
% F k  

0.035 
0.022 
0.013 Fines 

x 

28.88 1 ATTERBERG LIMITS 
m. LL PL PI spc 

I 10.3 I 43 I 19 I 24 I 
0.0033 I 18.2 

0.0014 I 17.0 

H EVl E\\' uscs:I sc I 
~ 

Colder Associates Inc. 



Rocky FlatslField & Lab TestinUCO TEST TYPE 
043-2246.000 1 PROCEDURE 

PROJECT TITLE 
PROJECT NUMBER 

WATER CONTENT 

D 698 D 4718 
METHOD A 

I 
1 

Wet Wt Tare & Soil (\VI) 
Dry Wt Tare & Soil (w2) 
Wt Tare (W3) 
Wt Moisture (W4=\V 1 -W2) 
Wt Dry Soil (WS=WZ-W3) 
Water Content (dec) (wc=W4/w5) 
Water Content (%) , (WSnVS)* 100 

(WI) 
(W2) 

fW3=WI-W2I 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

504.07 65.3 I 
492.88 64.35 

13.82 

TOTAL WEIGHT, WET ( COARSE & FINE ) 
TOTAL WEIGHT, DRY ( COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 

11.19 WEIGHT RETAINED ON 3/8" SIEVE (WET) 
492.88 50.53 \\'EIGHT RETAINED ON 3/4" SIEVE (WET) 
0.0227 0.0190 PERCENT RETAINED ON # 4 SIEVE (DRY) 

2.3% I .9% PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 

4084.9 4 186.2 4229.3 4239.2 4186.3 
2265.00 2265.00 2265.00 2265.00 2265.00 
1819.90 192 I .20 1964.30 1974.20 1921.30 

POINT RESULTS (FINE) 

Wt. Soil & Mold 
Weight of Mold 
Wt. Of Wet Soil 
Wet Density, wd (pcf) 

626.95 622.13 
576.67 564.98 
104.79 104.36 
50.28 57.15 
471.88 460.62 

I I I I I I I 1 2 3 4 5 6 7 I 

620.65 693.33 636.60 
558.62 61 5.08 559.97 
105.25 101.88 102.18 
62.03 78.25 76.63 

453.37 513.20 457.79 

114.9 DESCRIPTION 

119.9 

I I I 

(W3/453.6*Vm) 120.98 1 127.71 I 130.58 I 131.23 I 127.72 I I I 

Yellowish brown (IO YR 518) clayey sand 

WATER CONTENTS 
Wt Tare & Soil (W4) 

Wt Tare & Soil V S )  

Wt Moisture (W7=W4-W5) 
Wt Tare (W6) 

Wt Dry Soil (W8=W5-W6) 

Weight of Oven Dry Sample (gm) A 
Weight of Saturated-Surface-Dry (gm) B 
Weight of Saturated Sample in Water (gm) C 
Absorption of  Oversize Particles (%) [(B-A)/AI*lOO 

Water Content (%) (W7/WS)*IOO 
Dry Density (pcf) (wd/(l+wc)) 

504.07 
506.40 
301.90 

0.46 

MAXIMUM DRY DENSITY (pcf) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density ( p r o  
Corrected Optimum Moisture (%) 1 11.7 I 
Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

USCS sc I I 

Bulk Specific Gravity A/@-C) 2.465 I I I 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

Golde r Associates 
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MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

I45 

I40 

135 

130 

125 

I20 s 
; 115 
t: 2 110 

n 

W 
105 

100 

95 

90 

85 

80 

I J  , 
0% 5% IO% 15% 20% 25% 3 0% 35% 

MOISTURE CONTENT % 

MAXIMUM DRYDENSITY @cf) 1 14.9 [Corrected Maximum Dry Density@cf) 119.9 
OPTIMUM MOISTURE (%) 13.9 I Corrected Optimum Moisture (“A) 11.7 

PI 

DESCFUPTION Yellowish brown (10 YR 5/8)  clayey sand 

USCS I 
Rocky FlatslField R: Lab TestingKO 
043-2246.000 I 

REVIEW 

! 

Go I der Associates 



ATTERBERG LlMITS 

AS RECEIVED WATER CONrENT PROJECT NAME 

Tam No. 

Wi. afTare(gm) 

Wt.afW”icr(p) 

OiPrnUIC Contoll (‘/.I 

PROJECT NUMBER: 

SAMPLE I D  

TYPE 

Rocky FlatdField & Lab Testing/CO 
043-2246.0001 
PF-3 
BULK 

~~~ ~ 

4 OR 3 POlNT ATTERBERG 

PLASTIC LIMIT DETERMINAI ION 

urnberofBlows 
!eight ofWet Sod & 

(eight of Dry Soil 8: 
(eight ofTare (gm) 
(eight ofwater (gm) 

(eight of Dry Soil (gm 
later Content % 

PLASTIC LIMIT (PL) 

PLASTICITY INDEX (PI) 

lLOWS MC 
30 41.35 3.40 25 
22 44.54 3.09 0.00 
15 46.75 2.71 -2 
0 0.00 #NUM! 

VA1 “IOh 

LIQUID LIMIT (LL) m 

I ONE POINT ATTERBERG 

Number of Blous PLASTIC LIMITS 
uk,ght wd soli & sOc tP) 

~ ~ ~ g h t ~ r ~ ~ w ~ ~ ~ ~ ( p )  

Weight ofTare (gm) 

Weight ofwater (gm) 

Weight ofDry Soil (gm 
Water Content % 

PLASTIC LIMIT 
n 

LIQUID LIMITS 

LIQUID LIMIT 
n - 

PLASTICITY INDEX (PI) 
I 

0 

I NON-PLASTIC 

Number of Blows PLASTIC LIMITS 
weight or WO soil & TU< (pm) 

e ighnofBySoi l&Tne(p)  

Weight ofTare (gm) 
Weight ofwater (gm) 

Weight ofDry Soil (gm 
Water Content % t 

Colder Associates Inc. 



Tare No 

I 

TYPE 

1 

0t.l Wright of Sample Used For Slew Analyslr Corrcrlad lor Hydrascopir Moirlurr 

11. + Tare (gm) (before separating on ihe M S ~ N C )  

Ue Weight (pm) 

mal Weight (pm) 

7. . Yo 

LUS #4 MATERVU. SIEVE 12.0' 

Tare Weight 6.0" I] 3.0' 

25' 

2.0" 

1.5" 

1.0" 

0.75" 

0.375' 

#4 

BACK S W E  

Tare Weigb: 

Descriprion 

USCS 

LL 7EsT BY 

PL DATE SET UP 
PI REMEW BY 

WEIGHT OF SAnWLE USED FOR IIYDROMETER TEST 
WI. O f  Synple we or Dry (p) 

18.76 

5 1.63 

Goltlcr Associates I i ic.  



~ l y - 0 4  ' 043-2246.000 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

' 

PROJECT NAME: 
SAMPLE ID: P F-3 Depth (ti): - 
TYPE: RULK 

Rocky FlatslField & Lab TestinglCO 

I 

Coarse Finc Coarse M d i m  Fine' 

100 

Silt or Clay 

90 

CDBBLES 

80 

GRAVEL SAND I FINES 

p 60 
a 

50 
S 

i 
0 40 

g 
30 

#20 
#40 
#60 

20 

0.85 64.0 
0.43 52.1 Medium Sand 
0.25 43.5 

IO 

#IO0 I 0.15 I 36.5 
#200 I 0.075 I 29.6 Fine Sand 

0 

22.53 

12" 

18.1 

IO00 100 

43 18 25 - 

2" I" 3/4" 

Illl 

I)ESCHII"I'ION: 

USCS: 

2.. ti* d i n  xzo #40 x60 #io0 

Yellowish brown (1 0 YR 5 6 )  clayey sand will1 
gravel 

sc I 

#ZOO 

IO 1 

Particle size io millimeters 

0. I 0.01 0.001 

(mm) % Passing Classification Percentage 
12.0" 1 304.8 I 100.0 I 1 
6 . 0  154.2 100.0 Cobbles 
3 . 0  75.0 100.0 

2.5" 63.5 100.0 
2.0" I 50.0 I 100.0 
1.5" I 37.5 I 100.0 

4.8 I 81.2 I FineCravel I 18.76 
#IO I 2.00 I 75.2 I Coarsesand I 6.03 

23.07 4 
0.035 
0.022 
0.013 I 20.7 Fines 

0.0032 I 18.3 
0.0013 I 17.0 

29.62 1 
Colder Associates Jnc. 



I1 MOISTURE DENSITY CURVES 

PROJECT TITLE 
PROJECT NUMBER 043-2246.0001 
SAMPLE IDENTITY PP-3 

Rocky FlaIdField & Lab TeslinglCO 

I I 

u ASTM D 698 & 1557 

D 4718 

I 
SAMPLE TYPE 

WATER CONTENT 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (%) 

1 

BULK I 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

4.0% 

Wt. Soil & Mold (W1) 4207.5 3977.7 4068.4 4238.3 4257.2 4 158.9 

Weight of hlold (W2) 2271.50 2271.50 2271 S O  227 1 S O  2271.50 2271.50 
Wt. Of Wet Soil (W3=\V1 -\+'2) 1936.00 1706.20 1796.90 1966.80 1985.70 1887.40 
Wet Density, wd (pcf) (W3/453.6*\'m) 128.28 113.06 119.07 130.33 131.58 125.06 - 

TOTAL WEIGHT, WET ( COARSE & FINE ) 
TOTAL WEIGHT, DRY ( COARSE & FINE) 
WEIGHT RETAINED ON # 4 SIEVE WET) 

\\'I Tare & Soil (W4) 
Wt Tare & Soil (W5) 
Wt Tare (\+'a) 
Wt Moisture (\V7=\V4-\V5) 
Wt Dry Soil (\VE=WS-W6) 

Water Content (%) (W'7/W8)*100 
Dry Density @cf) (wd/(l+wc)) 

~~ 

\+'EIGHT RETAINED ON 3/8" SIEVE 
WEIGHT RETAINED ON 314'' SIEVE (WET) 

634.5 I 662.50 592.22 619.45 615.25 656.04 
560.41 621.16 548.79 560.57 552.90 601.65 
104.43 101.19 103.76 103.95 103.99 102.31 
74. I O  41.34 43.43 58.88 62.35 54.39 

455.98 519.97 445.03 456.62 448.91 499.34 

16.3% I 8.0% I 9.8% I 12.9% I 13.9% I 10.9% I 
110.4 1 104.7 I 108.5 I 115.4 I 115.5 I 112.8 I 

PERCENT RETAINED ON # 4 SIEVE 
PERCENT RETAINED ON 3/8" SIEVE 
PERCENT RETAINED ON 3/4" SIEVE 

< .- I 

Weight of Saturated Sample in Water (gm) C 
Absorotion of Oversize Particles (%) I(B-A)/AI*IOO 

POINT RESULTS (FINE) 1 2 3 4 5 6 7 I I I I I I I I 1 

301.90 I I 
0.47 I 

I 
MAXIMUM DRY DENSITY (pcf) 

Corrected Maximum Dry Density (pco 
Corrected Optimum Moisture (%) 

OPTIMUM MOISTURE CONTENT (%) 

USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 I 
Weight of Oven Dry Sample (gm) I Weight of Saturated-Surface-Drv (em) 

I I 
I . ,  .. . . I 

Bulk Specific Gravity A/(B-C) I 2.465 I I 1 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

PI 

REVIEW 

Golder Associates 



MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

DESCRIPTION 

I45 

140 

135 

130 

125 

Yellowish brown (10 YR 5/8) clayey sand with gravel 

120 
n - 115 
e 

2 110 
E 
W E 105 

100 

95 

90 

85 

80 

75 
0% 5 %o 10% 15% 20% 25% 30% 35% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY (pcf) 1 15.5 I Corrected Maximum Dry Density @cr) 121.0 
OPTIMUM MOISTURE (Yo) 13.2 I Corrected Optimum Moisture (%) 10.9 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

Rocky FlatslField & Lab Testing/CO 
043-2246.0001 

LLFl PL 

MC 18.1% 

DATE 1/16/04 
REVIEW TEcHE 

Golder Associates 



ATTERBERC LIMITS 

WI. W a  So i l&Tarc (p )  

~ ~ . ~ r y ~ o i l & ~ a r e ( p )  

WI. ofTarc (p) 

WI. a v r n m ( w j  
Weight o f ~ r y  Soil (p) 

oinure Conlcni (%) 

AS RECEIVED WATER C O K T E M  

827.30 
720.01 
103.55 
107.29 
6 16.46 
17.40 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLE ID: 

TYPE 

Rocky FlatdField & Lab TestindCO 
043-2246.0001 

BULK 
PF-4 

4 OR 3 POINT ATTERBERG 

PLASTIC LIMIT DETERnlINATlON LIQUID LIMIT DETERMINATlO& 
umber of Blows 
'eight of Wet Soil & 
'eight of Dry Soil & 

'eight of Tare (gm) 
'eight of Water (gm) 
'eight of Dry Soil (gm 
later Content % 

PLASTIC LIMIT (PL) 

GcI 
PLASTICITY INDEX (PI) 

:LOWS MC 
30 33.73 3.40 25 
24 35.78 3.18 0.00 
15 39.76 2.71 -2 
0 0.00 #NUM! 

LIQUID LIMIT (LL) 

3 POINTS 

I ONE POINT ATTERBERG 

Number of Blows PLASTIC LIhllTS 
U'.iplt 01 wet sdl & T.rr (p) 

Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (@I 

Wnter Content % 

W c i g h i o f h y W l & T m ( p n )  

PLASTIC LIMIT (PL) 

0 

0 
PLASTICITY INDEX (PI) 

TRIAL 2 7 
I 

I NON-PLASTIC 

umber of Blows PLASTIC LlhllTS 
U'ki&bt nfWer sdl & Tuc (BO) 

W + ~ ~ ~ ~ S + I A T ~ ( ~  

Weight ofTare (gin) 
Weight of Water (gm) 
\\'eight of Dry Soil (p. 
Water Content % t LIQUID LIMITS 

I '7' 

LIQUID LlRIlT (LL) 
F] 

I'LASTICITY INDEX (PI) 

Colder Associates Inc. 



Wt. W n  Soil R Tare (pm) 

Wt. Dry Soil & Tare (pm) 

Wt. ofTan  (m) 
Wt. of Water (p) 

Weight of Dry Sail (p) 

hloistwe Contcnt (X) I 17.4 I 

S M W L E  ID 

TYPE 

'I Soil & T a n  (p) 

ry Soil R Tare (p) 

me Wesgh1 (W) 

loutwe Catent (%) 

0-1 Weight of Sample Used For Sicvs Analysis Corrccrd for Hydrorcopic Moistun 

'1. + Tars (gm) 

rn Weight (pm) 

mal Weight (pm) 

(before separating an thc#4 sieve) 

2321 1.43 
'A % 

-US #4 hL4TERlAL SIER 

Tare Weight 

BACK SIEVE 

Tare Weight 

LL TEST BY 

PL DATE SET UP 
PI REVIEW BY 

WEIGHT OF S M W L E  USED FOR HYDROMETER TEST 
WI of Sample Wn or Ory (p) 

cobbla 

r m a  

loo0 

Colder Associates Inc. 



~ly-04 ' 043-2246.000 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: P F-4 Depth(ft): - 
TYPE: BULK 

Rocky FlatslPield & Lab TestingKO 

Cm,X Fine conr,c MCdillm FLr I Sill DT Clay 

100 

90 

80 

yo 70 

60 
a 

50 
s 
i 
n 40 

g 
30 

20 

10 

0 

#20 I 0.85 I 66.6 
#40 I 0.43 I 54.1 

12' 

Medium Sand 24.43 

1000 

#60 
#IO0 
#200 

IO0 IO I 

0.25 45.0 
0.15 37.8 

0.075 30.3 Fine Sand 23.89 

Particle size in millimeters 

DESCRIPI'ION: 

USCS: 

(160 7100 11100 

Yello\vish brown (IOYK 5/8)  clayey sand 

sc I 

0.1 0.01 0.001 

%Fino 

0.035 

0.022 
0.013 Fines 
0.0091 Silt or Clay 30.25 

0.0064 
0.0032 

PLASTICITY CHART 

0 10 20 30 40 SO 60 70 80 90 100 110 

LIQUU, LIMIT (LL) 

ATTERBERG LIMITS 
ni. LL PL PI s p c  

I 17.4 I 35 I 16 I 19 I I 

K E V I E\\' 

Colder Associatcs Inc. 



OlSTURE DENSITY CDRVES 
ASTM D 698 & 1557 

M't. Soil & Mold (WI) 
Weight of Mold (W2) 
Wt. Of Wet Soil (W3=WI-\VZ) 
Wet Density, wd (pcf) (W3/453.6*Vm) 

Rocky FlatslField &Lab TestinglCO TESTTYPE D698 D 4718 K l  . PROCEDURE 1 METHOD A 
PROJECT TITLE 
PROJECT NUMBER 043-2246.0001 
SAMPLE IDENTITY 
SAMPLE TYPE BULK 

I 
I 

TYPE COMPACTOR PREPARATION hlETHOD A: 20% OR LESS RETAINED ON #4 

7 1  -1 
METHOD B: > 20% RETAINED ON #4 AND 

20% OR LESS RETAINED ON 3/8' TYPE PROCTOR 

MOLD VOLUME (cu.ft) METHOD C: > 20% RETAINED ON 3/8" AND 
<30% RETAINED ON 3/4" 5.5 -IhL RAMMER WITH 12 INCH DROP 

MOLD NUMBER 

RlOLD DIAMETER (in) 
MOLD HEIGHT (in) 

RIOLI) WEIGHT (gm) 

4070.6 4226.9 4270.5 4242.8 4209.7 4 166.9 
2265.80 2265.80 2265.80 2265.80 2265.80 2265.80 
1804.80 I961 .IO 2004.70 1977.00 1943.90 1901. I O  
119.97 130.36 133.26 131.42 129.22 126.38 

WATER CONTENT 

Wt Tare & Soil (W4) 
Wt Tare & Soil (W5) 
Wt  Tare (W6) 
Wt Moisture (\V7=W4-W5) 
Wt  Dry Soil (WS=WS-W6) 

Water Content (YO) (W7/WS)*lOO 
Dry Density (pcf) (wd/(l+wc)) 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt  Tare 
R't Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (Yo) 

546.43 459.33 425.63 537.69 466.35 504.17 
510.23 421.84 387.39 480.76 414.14 442.34 
100.45 103.77 105.11 104.61 101.83 99.91 
36.20 37.49 38.24 56.93 52.21 6 I .83 
409.78 318.07 282.28 376.15 312.31 342.43 

8.8% I 11.8% I 13.5% I 15.1% I 16.7% I 18.1% I 
110.2 I 116.6 I 117.4 I 114.1 I 110.7 I 107.0 I 

COARSE TOTAL 
FRACTION SAMPLE 

114.09 
113.02 
21.80 

91.22 
0.01 17 

1.2% 

TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

TOTAL WEIGHT, WET ( COARSE & FINE ) 
TOTAL WEIGHT, DRY ( COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 318" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 

MAXIMUM DRY DENSITY (pcf) 

Corrected Maximum Dry Density (pcf) 
OPTIMUM MOISTURE CONTENT (%) 

Corrected Optimum Moisture (YO) USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Drv (em) I I - .I ._ , 
Weight of Saturated Sample in Water (gm) C I 
Ahsorotion of Oversize Particles (YO) I(B-A)/AI*lOO I . ,  .. . . I 

Bulk Specific Gravity N(B-C) 2.465 I I I 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

PI 
M C  rtR 1.2% 

DATE 7-20-04 

REVIEW TECH € 
Go1 der Associates 



MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

DESCRIPTION 

145 

I40 

I35 

130 

125 

20 

15 

IO 

05 

00 

95 

90 

Yellowish brown (IOYR 5/8) clayey sand . 

0% 5% IO% 15% 20% 25% 30% 35% 

RlOlSTURE CONTENT % 

USCS 

MAXIMUM DRY DENSITY @cf) 1 17.6 I Corrected Maximum Dry Density @cr) 122.9 
O P T N U M  MOISTURE (%) 12.9 I Corrected Optimum Moisture (%) 10.6 

I 

sc I 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

Rocky Flats/Field & Lab TestindCO 
043-2246.000 1 

PI 
MC "H 1.2% 

REVIEW 

Golde r Associates 



e 

WI. ~n soit B ~ a r c ( p )  586.89 
Wl. Drysoil & Tare (p) 532.23 
WI. orTarc (gm) 103.94 
WI. or wacr (gm) 54.66 
\\'cighlorDrySoil (p) 428.29 

Ioisturc ~anien i  12.16 

a 

SAMPLE I D  PF-5 
TYPE BULK 

ATTERBERG LIMITS 

PLASTIC LIMIT DETERhllNATlON 

umber of Blows 

PLASTIC LIMIT(PL) 

DEI 
PLASTICITY INDEX (PI) 

)LOWS MC 
35 36.55 3.56 25 
26 37.23 3.26 0.00 
19 38.38 2.94 -2 
0 0.00 #NUM! 

LIQUID LIMIT DETERhUNATlOh 

LIQUID LIMIT (LL) rn 

I ONE POINT ATTERBERG 

Number o f  Blows PLASTIC LIMITS 
U'.i@, O l U C l  Soil h T a r C  (a) 

.-i+t orajsot~ &iarC(gm) 

Weight ufTare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm 
Water Content YO t BLOWS 

K VALLIE 

TRIAL I TRIAL2 :KI 
PLASTIC LIMIT I - . (PL) 

U U 

PLASTICITY INDEX (PI) 

0 

I NON-PLASTIC 

LIQUID LIMITS 
Number of Blows PLASTIC LlhllTS . 
Wci@t ofu'cl Soil h Tam (m) 
wciet orUrysnii R T ~ ~ ( ~ ~ )  

Weight oiTarc (gin) 

Weight of Water(grn) 
Weight ofDr). Soil (gni 
Watcr Content % 

LIQUID Llhll'l' (LL) m 
tusriciw I N D E X  (1'1) 

F I  
c 

Golder Associates Inc. 

3-POINTS 



Tare No. 

W1. W a  Soil & Tare (p) 

WI. Dry Soil & Tare (p) 

W:. of Tare (p) 

WI. of Watn (p) 

Weight of Dry Soil (p) 

MO~SN~C Canlcnl (x) 

I I 

586.89' 
'532-.23 

428 29 

SAMPLE I D  

TYPE 

I DROSCOPlChlOlSTURE FORSIEI'ESAhlPLE 

'I Soil B Tue (p) 

'y Soil & Tuc (gm) 

I C  Wcrght @In) 

Io.rnc cmm (%) 

.US fcI MATERIAL SIEVE 

Tare Weight 

pT-1 

BACK SIEVE 
Tart Weigh: 

L J  

Dncrlplino 

USCS 

LL TEST BY 

PL DATE SET UP 

PI REVIEW BY 

U'EICIfTOFSAhlPLE USED FOR HYDROMETERTEST 

WI of Ssmplc W a  or Dry (p) 

14.49 

56.67 

Colder Associates Inc. 

~ ~~~~~ ~ 
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a 

a 

COarSC Fine Caanc Mcdilsn Fl"C I Silt m Clay 

-. 
lly-04 043-2246.0001 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: PF-5 Depth (ft): - 
TYPE: BULK 

Rocky FlatslField & Lab Tcsting/CO 

1 :  U e 
r" 

100 

90 

80 

yo 7 0  

60 
a 

50 
S 

i 
n 4O 

g 
30 

20 

IO 

0 

0.035 24.4 

0.022 22.2 

0.013 21.7 Fines 

0.0090 20.4 Silt or Clay 28.84 

0.0065 0.0032 18.6 19.5 

0.001 4 17.3 - 

12" 

12.8 3 7  19 

1000 

18 1 

," 2" l " 3 1 4 "  

DESCRIPIION: 

100 

Yello\vish brown (IO YR 3 3 )  

IO 1 0.1 

Particle size io millimeters 

0.01 0.001 

60 

50 

I - 
c 
n 
5 

u 
6 
2 20 

5 40 

30 

n. 

10 

0 

PLASTICITY CHART 

0 10 20 30 40 60 70 80 90 IM) 110 

LIQUID LIMIT (LL) 

ATTERBERG LIMITS 

USCS:l sc I 

Colder Associates Inc. 



OISTUFW DENSITY CURVES 
ASTM D 698 & 1557 

Rocky FlaldField & Lab Testlng/CO TEST TYPE 
043-2246.0001 PROCEDURE 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

D 698 D4718 
hlETHODA 

I 
I 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cu.ft) 

. ,  
(W3=Wl-W2) 

W3/453.6*Vm) 

I 

1767.10 I 1853.90 I 1973.10 I 1988.80 I 1979.50 I 
117.47 I 123.24 I 131.16 I 132.21 I 131.59 I 

I I 

WATER CONTENT 

(W7=W4-W5) 
(WS=WS-W6) 

Wet Wt Tare & Soil W'1) 
Dry Wt Tare & Soil (W2) 
Wt Tare W 3 )  
Wt Moisture (W4=Wl-W2) 
Wt Dry Soil (W5=W2-W3) 
Water Content (dec) ( W C = W ~ ~ V S )  

Water Content (%) (W4fiVS)*lOO 

44.83 I 48.91 I 59.66 I 66.66 I 70.79 I 
494.24 1 461.71 I 487.45 I 488.89 I 472.78 1 I 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

r 504.07 I 157.87 I TOTAL WEIGHT, WET (COARSE & FINE ) I 18706.10 1 

USCS 

TOTAL WEICHT,DRY (COARSE & FINE) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 

492.88 153.29 
32.34 

11.19 WEIGHT RETAINED ON 3/8" SIEVE (WET) 

I 
sc I 

WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE 
PERCENT RETAINED ON 3/8" SIEVE 
PERCENT RETAINEDON 314" SIEVE 

POINT RESULTS (FINE) 

Wl. Soil & Mold 
Weight of Mold 
Wt. Of Wet Soil 
Wet Density, wd (pcf) 

WATER CONTENTS 
Wt Tare &Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (%) 
Dry Density @cf) 

I I I I I I I 7 1 2 3 4 5 6 I 
( W l )  4032.1 I 4118.9 I 4238.1 I 4253.8 I 4244.5 I 
(W2) 2265.00 I 2265.00 I 2265.00 I 2265.00 I 2265.00 I 

I I 
I I 

(W4) I 643.01 1 612.82 I 649.00 I 658.69 I 647.98 I I 1 
563.91 I 589.34 I 592.03 I 577.19 I I 
102.20 I 101.89 I 103.14 I 104.41 I 1 
10.6% I 12.2% I 13.6% 1 15.0% I I 
111.4 I 116.9 I 116.3 I 114.5 I I 

MAXIMUM DRY DENSITY (pco 
OPTIMUM MOISTUW. CONTENT (%) 
Corrected Maximum Dry Density (pro  
Corrected Optimum Moisture (%) 

DESCRIPTION Yellowish brown (IO YR 9 8 )  I 
121.9 [=I 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 
Weight of Saturated Sample in Water (gm) C 301.90 
Absorption of Oversize Particles (%) [(B-A)/AI*lOO 

Bulk Specific Gravity N(B-C) I 2.465 I I I 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

L L I  37 I 

pLITl PI 
MC 12.8 

E p j  
REVIEW 

Gold e r Associates 

I) 

D 



MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

MAXIMUM DRY DENSITY @cf) 1 17.4 I Corrected Maximum Dry Density @cl) 121.9 
OPTIMUM MOISTURE (%) 12.7 I Corrected Optimum Moisture (%) 10.8 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

USCS 

Rocky FlatdField & Lab TestinglCO 
043-2246.0001 

REVIEW 

Golder Associates 



ATTERBERG LIMITS 

WI. We Soil & Tm(gm) 

Wt.DrySoil&Tarc(gm) 

Wt. of Tarc (gm) 

WI. of W a m  (gm) 

W c & o f h y % i l ( g m )  
Moistwe Cantem (%) 

AS RECEIVED WATER COKTEKT 

732.79 
668.31 
103.82 
64.48 
564.49 
11.42 

PROJECT NAME 

PROJECT hlJh1BER: 

SM1PI.E ID: 

TYPE 

37.99 
-2 

25.00 25.00 io.oa 
43.44 40.23 40.23 
44.00 40.23 

4 OR 3 POINT ATTERBERG I 
PLASTIC LIMIT DETERhIlNA 

Number of Blows 

Weight of Water (gm) 

Water Content % 

LTION 

PLASTIC LIMIT (PL) 

PLASTICITY INDEX (PI) 

BLOWS MC 
35 31.99 3.56 25 
23 40.61 3.14 0.00 
16 43.44 2.71 -2 
0 0.00 #NUM! 

Rocky FlatslField & Lab Testing/CO 
043-2246.0001 

BULK 
PF-5 D u ~  

LIQUID LIMIT DETERMINATIOF 

LIQUID LIMIT (LL) 

EEl 

I ONE POINT ATTERBERG 

PLASTIC LIMITS 

* ~ ~ ~ ~ r w s o i i & ~ ~ ( p )  

P L A s n C  LIMIT (PL) 

0 

0 
PLASTICITY INDEX (PI) 

Vumbcr of Blows PLASTIC LIMITS 
h'cipbt orwn soil & T m  b) 

s'+u orDry sail TUC ( ~ n )  

W e i g h t  of Tare (gm) 
Weight of Water (gm) 

Weight of Dry Soil (gm 

Water Content % 

PLASTIC LIh1IT (PL) m 
PLASTICITY INDEX' (PI) 

l-K7 

LIQUID LIMITS 

LIQUID LIhIIT (LL) 

rn 

Colder Associates Iiic. 





uly-04 043-2246.000 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: PF-5 DUP Depth (ft): - 
TYPE: BULK 

Rocky FlatsField & Lab TestingCO 

CCWw FLr Coarrc M d W  

100 

90 

80 

yo 70 

60 
a 

50 
s 
i 
q 40 

g 
30 

20 

10 

Finr I Sill n Clay 

0 

COBBLES 

12" 

GRAVEL I SAND FINES 

I" 1" I" 314" 

I- 
1000 100 IO 

A200 

1 0. I 

Particle size in millimeters 

0.01 0.001 

(mm) Yo Passing Classification Percentage 

12 .0  304.8 100.0 
6.0" 154.2 100.0 Cobbles 0.00 
3.0" 75.0 100.0 

'2.5" 63.5 100.0 
2.0" 50.0 100.0 
1.5" 37.5 100.0 
I .O" 25.0 100.0 Coarse Gravel 0.00 

0.75" 19.0 100.0 

#20 I 0.85 I 62.7 
#40 I 0.43 I 50.3 MediumSand 26.21 

I I #60 I 0.25 I 41.7 
#I00 I 0.15 I 35.0 
#200 I 0.075 I 28.4 Fine Sand 21.97 

% F k  

0.035 
0.022 
0.013 Fines 
0.009 I Silt or Clay 
0.0066 
0.0033 
0.0014 I 16.4 I 

28.36 1 
USCS: 

PLASTICITY CHART 

0 IO 20 30 40 50 MI 70 so 90 loo 110 

LIQUID LIMIT (LL) 

ATTERBERG LIMITS 

P I  soc bl. LI. PL 

11.4 40 19 21  I 

REVILN' 

e 

a 

Colder Associates Inc. 



ASTM D 698 & 1557 

PROJECT TITLE 
PROJECT NUMBER 043-2246.000 1 

SAMPLE IDENTITY PF-5Dup I I 

Rocky FlatslField & Lab TestinglCO TEST TYPE D 698 D4718 I 
PROCEDURE METHOD A I 

WATER CONTENT 

SAMPLE TYPE 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (%) 

BULK 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT,WET (COARSE & FINE) 
TOTAL WEIGHT, DRY (COARSE & FINE) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 

83.44 
81.65 
21.77 

WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 59.88 

0.0299 
3.0% 

PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 314" SIEVE (DRY) 

(W2) 
(W3=\VI-W2) 

I 1 I I I 5 I 6 I 7 POINT RESULTS (FINE) 1 2 3 4 1 

2265.00 I 2265.00 I 2265.00 I 2265.00 I 2265.00 I I 
1819.20 I 1930.20 I 201 1.40 I 1999.40 I 1959.30 I 

Wt. Soil & Mold W l )  I 4084.2 I 4195.2 I 4276.4 I 4264.4 I 4224.3 I I I 
Weight of Mold 
Wt. Of Wet Soil 
Wet Density, wd (pc9 (\V3/453.6*Vm) 120.93 I 128.31 I 133.71 I 132.91 I 130.24 I I 1 

(W4) 
(W5) 

(W6) 
(W7=\V4-W5) 
IWS=W5-W6) 

608.70 619.31 612.87 617.89 607.36 
564.88 567.90 554.5 I 553.19 537.89 
102.14 100.28 101.59 100.18 103.17 
43.82 51.41 58.36 64.70 69.47 
462.74 467.62 452.92 453.01 434.72 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (%) 11.0% I 12.9% I 14.3% I 16.0% I I 
Dry Density (pcf) 115.6 I 118.4 I 116.3 I 112.3 I 1 
MAXIMUM DRY DENSITY (pcf) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density (pcf) 
Corrected Optimum Moisture (%) USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 

Absorption of Oversize Particles (%) 
Weight of Saturated Sample in Water (gm) 

I(B-A)/A1*100 

Bulk Specific Gravity N(B-C) I 2.465 1 I I 
AVERAGE ABSORPTION (assumed) r 0.5 I 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 1-1 REVIEW 

Golder Associates 



MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

SAMPLE ID 
SAMPLE TYPE 

MAXIMUM DRY DENSITY (pcf) 1 18.4 1 Corrected Maximum Dry Density @cf) 122.3 
OPTIMUM MOISTURE (%) 12.8 I Corrected Optimum Moisture (%) 11.1 

PF-5 DUP 
BULK 

LL 
PL 
PI 

hlC 

~~ 

SAMPLE DEPTH 1 I 
40 
19 
21 

11.4 

DESCRIPTION 

I 
USCS sc I 

Yellowish brown (IO YR 5/8) clayey sand 

Rocky FlatslField & Lab TestinglCO 
043-2246.0001 

REVIEW 

Golde r As so cia tes 



ATTERBERG LIMITS 

AS RECEIVED WATER CONI’EhT 

Tare No. 

Wi. of Tare (gm) 

WI. of Water (gm) 

PROJECT NAhlE 

PROJECT NUMBER. 
SAMPLE I D  

TYPE 

Rocky Flnts/Field & Lab TestindCO 
043-2246.000 1 

BULK 
PF-6 

4 OR 3 POINT ATTEKBERG 

PLASTIC LIMIT DFTERMINATION LIQUID LIMIT DETERhIINATlOh 
umber of Blows 
{eight of Wet Soil & 

latercon en o 

PLASTIC LIMIT (PL) 

Dzl 
PLASTICITY INDEX (PI) 

)LOWS MC 
35 42.93 3.56 25 
27 44.51 3.30 0.00 
17 48.30 2.83 -2 
0 0.00 #NUM! 

LIQUID LIMIT (LL) 

I I E I  

3-POINTS 

ONE POINT ATTERBERG 

Number of Blows PLASTIC LIMITS 
Wen@! of W e  Soil & Tuc (p) 

wcl&t erm soti B TUC (pn) 

Weight of Tare (pm) 
Weight of Water (gm) 
Weight of Dry Soil (gm 
Water Content % 

PLASTIC LIMIT (PL) 

0 

I PLASTlClTY INDEX (PI) 
n 

Number of Blows PLASTIC LIMITS 
ctgbt or wct snt B TUC (p) 

W C , & I O ~ ~ S O ~ I R T ~ ( ~  
Weight o f  Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm 

Water Content YO t 
PLASTIC LIhIIT (PL) 

E3 

LIQUID LIMITS 

) L  

LlQUlU LlhllT (LL) 

Erl 
I’LASTICITV INDEX (PI) I 

I 

Colder Associates Inc. 



Tam No. 

WI. W d  Sail & Tarc (gm) 

WI. Dry Soil & Tan (gm) 
Wt. of Tarc (p) 

WI. of Wa1u (8") 

Wcigbl of Dry soil (8") 

hloisrure Cmlml (%) 

495.21 

.US #4 MATERIAL SIEVE 

Tarc Wh& 

MONI'II AND YEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAhlJ'LE I D  

TYPE . .  . 

Dcrrriprion 

USCS 

TEST BY 

DATE SET UP 

REVIEW BY 

\\'EIGHT OF SAhlF'LE USED FOR HYDROMETER TEST 

WI of Sample we OI hy(gm) p55q  

Colder Associates Inc. 



uly-04 ' 043-2246.000 

PARTICLE SIZE DISTRIBUTION & ATTERBERC LIMITS 
ASThl D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: P F-6 Depth (ft): - 
TYPE: BULK 

Rocky FlatslField & Lab TestinglCO 

I 

COWSC Fine Cmnr M d l r m  Fine 

IO0 

90 

80 

% 70 

p 60 
a 

50 
S 

i 

g 

o 4o 

30 

20 

IO 

0 

Sill or Clay 

IO00 

COBBLES 

I" 2" I "  314" 318" 

GRAVEL I SAND FINES 

I O 0  10 

11.5 

I 0. I 

Particle size in millimeters 

45 20 25 

0.01 0.001 

DESCRIPI'ION: 

USCS: 

Yellowish brown (IO YR 5 / 8 )  clayey sand with 
gravel 

sc I 

Particle Size Particle Size 

(nnn) % Passing Classification Percentage 

%Finn 

0.034 1 25.0 I 1 0.0091 1 i,j 1 Silt or Clay I 29.98 1 
0.0064 

0.0032 

0.0014 

PLASTICITY CHART 

0 10 20 30 4 0  50 60 70 80 90 100 110 

LIQUID LIMIT (LL) 

TECH I JR 

Colder Associates Inc. 
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OISTUlU3 DENSmY CURVES 
ASTM D 698 & 1557 

TESTTYPE 
PROCEDURE 

PROJECT TITLE Rocky FIatslField & Lab Testing/CO 
PROJECT NUMBER 043-2246.0001 

D698 D4718 
METHOD B I 

1 
SAMPLE IDENTITY 
SAMPLE TYPE 

P M  I I 
BULK I 

~ 

5.5 -1bf. JUMMER WITH 1 2  INCH DROP 

Wt. Soil & Mold ( W I )  
Weight of Mold (W2) 
Wt. Of Wet Soil (W3=\VI-\V2) 
Wet Density, wd (pcf) (W3/453.6*Vrn) 

hIETHOD A: 20% OH LESS RETAINED ON #4 

AIErHOI) 6: > 20% RETAINED ON #4 AND 
20% OR LESS RETAINED ON 3/8 

hlETHOD C: > 20% RETAINED ON 3/8" AND 
< 30% RETAINED ON 3/4" 

4078.5 4224.4 4287.2 4293.9 4283.1 
2265.80 2265.80 2265.80 2265.80 2265.80 
I81 2.70 1958.60 2021.40 2028.10 2017.30 
120.50 130.20 134.37 134.82 134.10 

WATER CONTENT 

(W4) 
(W5) 
W 6 )  

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (%) 

719.66 750.24 738.64 527.43 662.30 
670.73 686.65 671.13 476.83 587.82 
101.16 102.62 101.61 100.97 103.19 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT, WET (COARSE & FINE ) 
TOTAL WEIGHT,DRY (COARSE& FINE) 
WEIGHT RETAINED ON # 4 SIEVE (\VET) 

(WI) 656.82 
(W2) 492.88 599.96 
W 3 )  104.75 

WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 

(W7nV8)*100 
(wd/(l+wc)) 

(W4=W1 -W2) 
(W5=W2-W3) 

(wc=W41w5) I 

(W41w5)*100 2.3% I I I .5% 

8.6% I 10.9% I 11.9% I 13.5% I 15.4% I I 
1 11.0 I 117.4 I 120.1 [ 118.8 1 116.2 I I 

I I I I I 5 I 6 I 7 POINT RESULTS (FINE) 1 2 3 4 I 

DESCRIPTION MAXIMUM DRY DENSITY @cf) 
OPTIMUM MOISTURE CONTENT (Yo) 
Corrected Maximum Drv Densitv (ocn 1203 

Yellowish brown (10 YR 5/8) clayey sand with 
gravel 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (YO) 
Dry Density (pcf) 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 506.40 PL 
Weight of Saturated Sample in Water (gm) PI 

LL 

Absorption of Oversize Particles (%) [(B-A)/AI*IOO MC 

45 
20 
25 

11.5% - 

I 

63.59 I 67.51 I 50.60 I 74.48 I I 
584.03 I 569.52 I 375.86 I 484.63 I 

- .. I 

Corrected Optimum Moisture (%) I 12.5 I USCS sc 1 I 

Bulk Specific Gravity A/(B-C) 2.465 I I I 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPEC1I:IC GRAVITY (assumed) 

FEE 
REVIEW 

B 

B 
G ol de r Associates 



MOISTURE / DRY DENSITY CURVE 

DESCRIPTION 

D698 METHODB 

Yellowish brown (10 Y R  518) clayey sand with gravel 

145 

I40 

135 

130 

125 

120 

- 115 
2 
E 2 110 
w 
5] 105 
p! 

100 

95 

90 

85 

80 

,-I I 

0% 5% 10% 15% 20% 25% 3 0% 3 5% 

MOISTURE CONTENT % 

MAXIMUM DRY DENSITY @cf) 120.3 I Corrected Maximum Dry Density @cf) 120.3 
OPTIMUM MOISTURE (%) 12.5 I Comected Optimum Moisture (“A) 12.5 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

I 
USCS sc I 

Rocky FlatslFieid & Lab TestingKO 
043-2246.0001 

L L ~  

PI 

REVIEW 

Go I der As so cia tes 



ATTERBERG LIMITS 

WI. We( Soil & Tarc(gm) 

WI. D ~ S ~ ~ I  T= m) 
W1.d  Tarr(gm) 

WI. of watu (gm) 

Mobrurc Coniai (%) 

WeightofLhySoil(gm) 

AS RECEIVED WATER CONTENT PROJECT NAME 

688.89 SAMPLE I D  

6 19. I4 N P E  

102.36 
69.75 

13.50 ' 
516.78 

4 OR 3 POINT ATTERBERG I I PLASTIC LIMIT UETERhllNATlON 

Number of Blows 
Weight of Wet Soil & 
Weight of Dry Soil & 
Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dly Soil ( 
Water Content % 

PLASTIC LIMIT (PL) 

PLASTICITY INDEX (PI) 

BLOWS MC 
27 33.99 3.30 25 
25 35.85 3.22 0.00 
16 38.52 2.77 -2 
0 0.00 #NUM! 

Rocky Flats/Field & Lab TestinglCO 
043-2246.0001 

BULK 
PF-7 

LIQUID LIMIT DETERMINATIOh 

LIQUID LIMIT (LL) 

ECl 

3 POINTS 

I ONE POINT ATTERBERC 

Number of Blows PLASTIC IJhllTS 
U'eip d W o  Soil & Tur (p) 

weightorhySoilaTam(gm) 

Weight ofTare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm 
Water Content % 

PLASTIC LIMIT (PL) 

0 
PLASTICITY INDEX (PI) 

0 

, I 

LIQUID LIMIT (LL) 
n 

I NON-PLASTIC 

PLASTIC LlhllT (PL) 

Erl 

LIQUID LIMITS 

:.. i ' 

I 

Colder Associates Inc. 

.::,,.>,',:;:- .,,e-.!.'. .;. . . . .. . 
:: ,2..'7,y . . .li I..i,, ,... . .,.._ 
...:,,... .- . .,. .... . .,*: :, ?,, 
-..,..I_ > 3 ... , . 



Tare No 
wt WCI sot1 & ~ = c ( g n )  

w t  D I ~ S O I I & T W C ( ~ )  

w t  of Water (p) 

Wtlgbt of Dry sol1 (p) 

69.75 
516 78 

Wt of Tam (p) 

h l o i r m  Contcni (X) 

AS RECEIVED WATER C O M E M  1 HYDROMETER DATA ENTRY SHEET J 
M O W  AND YEAR 

PROJECT NAME 
PROJECT NUMBER 

SAMPLE ID 

TYPE 

YDROSCOPIC MOISTURE FOR SIEVE SAMPLF 

I Soil & Tare (p) 

y Soil & Tam (pm) 

Wetght (P) 
o,*me CMltmt (X) 

bUI Welgbl OfSamplr Used For Sirvr Annlysis Corrected for Hgdrorrapir Moisture 

I. +Tare (p) 

IC Weight (p) 

tal Weight (p) 

(before sepaming M t b c M  sicvc) 

% % 

U T E R I A L  SIEVE 

Tare Weight 

BACK SIEVE 
Tare Weight 

r 1  

HYDROMETER ANALYSIS 

LL TEST BY 

PL DATE SET UP 

PI REVIEW B\ 

WEIGHT OFSAMPLE USED FOR IfYDROMETER TEST 

w t  of Sample WCI or Dry (P) 

cabbla 

c*e snnd 

23.85 

12.89 

63.26 

Colder Associates Inc. 



rly-04 043-2246.0 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASThl D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: P F-7 Depth (fl): - 
TYPE: BULK 

Rocky Flats/Field & Lab TestiodCO 

COBBLES 

100 

CCWw Finc Coarrc Mcdilrm Fine I Silt n Clay 

GRAVEL I SAND FINES 

90 

Classification 

Cobbles 

CoarxGravel 

Fine Gravel 

CoarseSand 

Medium Sand 

Fine Sand 

80 

Percentage 

0.00 

0.00 

12.89 
834 

30.05 

24.87 

p 60 
a 

50 
S 

i 

g 
o 40 

30 

DESCRIPTION: 

USCS: 

20 

Yellowish br0w.n ( I  0 YR 5 / 8 )  clayey sand 

sc J 

IO 

0 .  
1000 I00 10 

(14 #IO '0  (140 I(@ #loo 

I I I I I  I I 

1 

Particle size io millimeters 
0. I 0.01 0.001 

Panicle Size 

(mm) %Pussing 

12.0" 304.8 100.0 

6.0" 154.2 100.0 
3.0" 75.0 100.0 

2.5" 63.5 100.0 
2.0" 50.0 100.0 

1.5" 37.5 100.0 

1 .O" 25.0 100.0 
0.75" 19.0 100.0 

0.375" I 9.5 I 99.1 
#4 I 4.8 I 87.1 

0.43 48.7 
#60 I 0.25 I 38.5 
#I00 I 0.15 I 30.8 
#ZOO I 0.075 I 23.8 

Panicle Size 

(m) % F W  n 0.035 I 19.4 

0.0092 I 16.3 1 Silt or Clay I 23.85 I 
0.0064 15.9 
0.0033 15.4 
0.0014 13.7 

LASTIC 

0 10 20 30 40 

Y CHART 

60 70 80 90 100 110 

LIQUID LIMIT (LL) 

ATTERBERG LIMITS 
w LL PL PI s p c  

I 13.5 I 35 I 18 I 17 I 

DATE 7/19/20( 

REVIEW( h l R  

Colder Associates Inc. 



OISTURE D E N m Y  CURVES 

Wt. Soil & Mold ( W I )  

Weight of Mold (WZ) 
Wt. Of Wet Soil (W3=Wl-W2) 
Wet Density, wd (pcfJ (W3/453.6*Vm) 

ASTM D 698 & 1557 

4169.7 4256.5 4307.6 4280.3 4235.0 
2265.80 2265.80 2265.80 2265.80 2265.80 
1903.90 1990.70 2041.80 2014.50 1969.20 
126.56 132.33 135.73 133.91 130.90 

PROJECT TITLE Rocky FlatslFicld & Lab Testing/CO D4718 
PROJECT NUMBER 043-2246.0001 I 

1 

(W6) 
(W7=W4-W5) 
(W8=W5-W6) 

SAMPLE IDENTITY PF-7 I I 
SAMPLE TYPE BULK I 

1 

100.42 103.49 102.37 102.96 102.26 
30.1 I 41.38 52.33 41.54 55.82 
3 18.29 385.35 417.78 304.63 361.62 

I I 
TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

7Mechanicaj-J pZKG- j  

V S l a o d p r d l  
METHOD B: > 20% RETAINED ON #4 AND 

20% OR LESS RETAINED ON 3/8 TYPE PROCTOR 

MOLD VOLUME (cu.ft) METHOD C. > 20% RETAINED ON 3/8" AND 
< 30% RETAINED ON 3/4" 5.5 4bf. RAMMER WITH 12 INCH DROP 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 

Water Content (%) (W7nV8)*100 
Dry Density (pcf) (wd/(l+wc)) 

WATER CONTENT 

9.5% [ 10.7% I 12.5% I 13.6% I 15.4% I 
115.6 I 119.5 I 120.6 I 117.8 I 113.4 I I 

Wet Wt  Tare & Soil 
Dry Wt Tare &Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (YO) 

COARSE TOTAL 
FRACTION SAMPLE 

688.89 
619.14 
102.36 
69.75 
516.78 
0.1350 
13.5% 

TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

TOTAL WEIGHT, WET (COARSE & FINE ) 
TOTAL WEIGHT, DRY (COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 

I 1 I I I I 6 I 7 POINT RESULTS (FINE) 1 2 3 4 5 1 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

(W4) 448.82 ' 1 530.22 I 572.48 I 449.13 I 519.70 I 
(W5) 418.71 I 488.84 I 520.15 I 407.59 I 463.88 I I I 

MAXIMUM DRY DENSITY (pcf) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density @cfJ 

DESCRIPTION Yellowish brown ( I  0 YR 5 / 8 )  clayey sand 

Corrected Optimum Moisture (%) USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 506.40 
Weight of Saturated Sample in Water (gm) C 301.90 
Absorption of Oversize Particles (YO) I(B-A)/AI*lOO 

Bulk Specific Gravity N(B-C) 2.465 I I I 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

PI 

nyzj 
REV I E W 

G ol der Associates 



MOISTURE / DRY DENSITY CURVE 
D 698 METHOD A 

DESCRIPTION 

MAXIMUM DRY DENSITY @cf) 12 I .  I I Corrected Maximum Dry Density @cr) 125.1 
OPTIMUM MOISTURE (Yo) 12.0 I Corrected Optimum Moisture (?A) 10.3 

Yellowish brown (1  0 YR 5 / 8 )  clayey sand 

SAMPLE ID PF-7 
SAMPLE TYPE BULK I 

USCS 

SAMPLE DEPTH I I 

I 
sc I 

Rocky FlatslField Rr Lab TestinglCO 
043-2246.0001 

REVIEW 

Golder Associates 



ATTERBERG LIMITS 

Wt. Wu Soil & Tare (gm) 
Wt. Drysoil & Tarc(p)  

Wt. ofTare (gm) 

wt. or w a t n  (gm) 

W c i g h t o r ~ S a i l ( g n )  

lo iswe Content (%) 

a 

765.57 
679.38 
102.55 
86.19 

14.94 
576.83 

AS RECEIVED WATER CONTENT PROJECT N M E  

PROJECT NUMBER: 

SMIPLE I D  

TYPE 

4 OR 3 POINT ATTERBERG 

PLASTIC LIMIT DETElMllNATlON 

lumber of Blows 
(eight of Wet Soil & 
(eight of Dry Soil & 
(eight ofTare (gm) 
(eight of Water (gm) 
r'eight of Dry Soil (pm 
fater Content % 

PLASTIC LIMIT (PL) m 
PLASTICITY INDEX (PI) 

)LOWS MC 
35 37.90 3.56 25 
30 40.10 3.40 0.00 
21 42.18 3.04 -2 
0 0.00 #NUM! 

Rocky FlatsField & k b  TestindCO 
043-2246.0001 
PF-8 
BULK 

LIQUID LIMIT DETERMINATIOh 

LIQUID LIMIT (LL) 

I ONE POINT ATTERBERG 

PLASTIC LIMITS 

a g h ~ d W S m l A T m l ~ )  

PLASTIC LIMIT (PL) 

0 

0 
PLASTICITY INDEX (PI) 

LIQUID LIMITS 

BLOWS 

K VALUE 

LIQUID LIMIT (LL) n 

TRIAL I TRIAL2 

I NON-PLASTIC 

Number of Blows PLASTIC LIMITS 
wci.m or wlt s d i  a TU= (p) 

WcighiorhySail a l ~ e l p )  

Weight ofl'are (gm) 

Water Content % 

PLASI'IC LIRlI'I'(PL) 

!,.I I 

LIQUID LIMIT (LL) 

E r l  
PLASTICITY INDEX (PI) 

p T - 1  

Colder Associates Inc. 



Tare No. 

WI. We Soil & Tare (gm) 

WI. DFJ Soil & Tare (gm) 

We. ofTarc(gm) 

WI. of Watn  (p) 

Weight arDr).Soil (p) 

Mokturr Cmtcnl (7,) 

765 51 L 

679.38'- 

576.83 

tu1 Wclghl of Sample Urd For Skvr ~ a a l y ~ l ~  Corrected for Ifgdmicoplc hlobtorr 

I. +Tare (a) (bdorcscpvatingmthell4rin.c) 

IC Wei@ (gm) 

tal Weight (p) 

x % 

US M MATERIAL SIEVE 12.0" 

Tare Weigbt 6.0" 
3.0' 

2-5- 

2.0- 

1-5" 

I .O" 

0.7s" 

0.37s" 
M 

BACK SIEVE 
Tpre Weight 

WEICKTOFSMWLE USEDFOR IWDROhWERTEST 

Wi of Sample Wa m m(p) 

TEST BY 

DATE SIT UP 

REVIEW BY 

17.65 

54.01 

I '00.00 

Colder Associates Inc. 

~~~ 



COrISC finc Coane Medilrm F i n C  Slll or Clay 

0.034 

0.022 

0.013 

0.0091 

0.0065 

0.0032 
0.00 I3 

27.3 

23.1 

22.2 Fines 

21.0 Silt or Clay 28.34 

20.1 

19.7 

18.0 

L)ESCRIPI'ION: 

USCS: 

Yellowish brown (IO YR 5 / 8 )  clayey sand with 
gravel 

sc J 

-? 

11)'-04 043-2246.0( 
PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: PF-8 Depth (fl): - 
TYPE: BULK 

Rocky FlatslField & Lab Testing/CO 

00 3" 2" I "  3/4" 12" 
100 

90 

80 

% 70 

p 60 
a 

50 
S 
i 

6 
n 40 

30 

20 

IO 

0 
1000 100 I O  0. I 0.0 1 0.001 1 

Particle size in millimeters 

(mm) W Passing Classification Percentage 

0.00 

0.00 

17.65 

7.03 

25.41 

21.57 

12.0" I 304.8 I 100.0 

6.0" I 154.2 I 100.0 Cobbles 
PLASTICITY CHART 

60 

50 

_. 

I O  

0 

#60 I 0.25 I 41.8 

#IO0 1 0.15 I 35.2 

#200 I 0.075 I 28.3 I Fine Sand 

Colder Associates Inc. 



MOISTUlRE DEN-S 

Wt. Soil & Mold (WI) 
Weight of Mold (W2) 
Wt. Of Wet Soil (\V3=WI-W2) 
\Vet Density, wd (pcf) (W3/453.6*Vm) 

ASTM D 698 & 1557 

4025.7 4181.1 4248. I 4254.7 4237.2 
2271.50 2271.50 2271.50 227 I S O  2271.50 
1754.20 1909.60 1976.60 1983.20 1965.70 
116.24 126.54 130.98 131.41 130.25 

D4718 I 
I 

0V4) 
(W5) 

(W6) 
(\V7=W4-W5) 
W'8=WS-W6) 

Rocky FlatsfField & Lab TestingKO 
043-2246.0001 

BULK 
PREPARATION 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

TYPE COMPACTOR 
7 1  pcxzlq 

VJ 
2271.5 

TYPE PROCTOR 

MOLD NUMBER 
MOLD WEIGHT (gm) 
RlOLD DIAMETER (in) 
MOLD HEIGHT (in) 4.575 
MOLD VOLUME (cu.ft) 

5 5  4bf. RAMMER WITH 12 INCH DROP 

705.92 707.97 637.96 628.56 640.23 
656.51 650.42 580.68 564.04 569.73 
102.19 101.58 101.86 100.81 103.29 
49.4 I 57.55 57.28 64.52 70.50 
554.32 548.84 478.82 463.23 466.44 

hlETHOD A: 20% OR LESS RETAINED ON #4 

hlETHOD B: > 20% RETAINED ON #4 AND 
20% OR LESS RETAINED ON 31: 

hlETHOD C: > 20% RETAINED ON 3/8" AND 
< 30?" RETAINED ON 314" 

Weight o f  Oven Dry Sample (gm) A 
Weight of  Saturated-Surface-Dry (gm) B 
Weight of  Saturated Sample in Water (gm) C 
ibsorption o f  Oversize Particles (%) [@-A)/AJ*100 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

201.32 
193.36 

Wet Wt Tare & Soil 
Dry Wt  Tare & Soil 
Wt Tare 27.98 
Wt Moisture 
Wt Dry Soil 165.38 WEIGHT RETAINED O N  314" SIEVE (WET) 

FRACTION SAMPLE 
TOTAL WEIGHT, WET ( COARSE & FINE ) 
TOTAL WEIGHT, DRY (COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 318" SIEVE (WET) 

Water Content (dec) PERCENT RETAINED ON # 4 SIEVE (DRY) 
Water Content (%) 4.8% PERCENT RETAINED ON 3/8" SIEVE (DRY) 

PERCENT RETAINED ON 3/4" SIEVE (DRY) 

0.048 I 

504.07 
506.40 
301.90 
0.46 

POINT RESULTS (FINE) ' I  I 2 I 3 I 4 I 5 I 6 I 7 I 

Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (YO) 10.5% I 12.00h I 13.9% I 15.1% I I 
Dry Density (pcf) 114.5 1 117.0 I 115.3 I 113.2 I 1 
MAXIMUM DRY DENSITY @cf) 

Zorrected Maximum Dry Density (pcf) 
Zorrected Optimum Moisture (%) 

3PTIMUM MOISTURE CONTENT (Yo) 
Yellowish brown ( I O  YR 5/8) clayey sand with 
mavel 

I 

jpecific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

\ \ T R A C E  ABSORPTION 
\\'ERAGE BULK SPECIFIC GFUVITY 

E%F 
REVIEW 

D 

B 
Golde r Associates 



MOISTURE / DRY DENSITY CURVE 

DESCRIPTION 

D698 METHODB 

Yellowish brown (10 YR 5 / 8 )  clayey sand with gravel 

145 

I40 

135 

130 

125 

USCS 

120 6 - 115 

2 110 

a 

E 
E 105 
W 

a 
100 

I 

sc 1 

95 

90 

85 

80 

7< ,J I 

0% 

7 

5% 10% 15% 20% 25% 30% 

MOISTURE CONTENT Y o  

35% 

.. . 

MAXIMUM DRY DENSITY @cf) 1 17.2 I Corrected Maximum Dry Density (per) 117.9 
OPTIMUM MOISTURE (Yo) 12.2 I Corrected Optimum Moisture (%) 11.9 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

Rocky FlatslField & Lab TestingKO 
043-2246.0001 

L L ~  

PI 

REVIEW 

G older Associates 



, 
ATTERBERG LIMITS 

WI. W a  Soil & Tarc(gm) 

w i . ~ s o i l & ~ a r c ( g m )  

WI. of Tare (p) 

WI. of \\'am (pm) 

MO~SNR Conmi (%) 

\ v c i g h i o f ~ % i I ( p )  

AS RECEIVED WATER CONI'EhT 

836.00 
747.14 
101.30 
88.86 

13.76 
645.84 

PROJECT N M l E  Rocky FlatslField & Lab Testing/CO 
PROJECT NUMBER: 043-2246.0001 
SAMPLE I D  PF-9 
N P E  BULK 

4 OR 3 POINT ATTERBERG 

PLASTIC LIMIT DETERMINATION 

Number of Blows 
Weight of Wet Soil & T '* 2 
WeightofDrySoil&T r:2l 13% 
Weight ofTarc (gm) 2: 14 26' 
Weight of Water (gm) 
Weight of Dry Soil (gm 
Water Content % 18 49 

PLASTIC LIMIT (PL) 

I I E I  
LIQUID LIhllT (LL) 

ECl 

BLOWS MC 
35 36.08 3.56 25 
24 38.53 3.18 0.00 
17 39.86 2.83 -2 
0 0.00 #NUM! 

ATlOF 

36.081 39.86 ;::: 38.0( 
-2 40.00 

I ONE POINT ATTERBERC 

PLASTIC Linirrs 
'ki@i of U'ci Soil & Tur (m) 

PLASTIC LIMIT (PL) 

0 

0 
PLASTICITY INDEX (PI) 

LIQUID LIMITS 

LIQUID LIMIT (LL) 

0 

TRIAL 2 4 
I 

I NON-PLASTIC 

umber of Blows PLASTIC LInlITS 

PLASTIC LIMIT (PL) 
FJ 

LIQUID LlhlIT (LL) 
rn 

I 

Colder Associates Inc. 



Tare No 

\\'I. Wn Soil B Tare (p) 

WI. Dry Soil & Tare (gm) 

WI. of Tare (pm) 

\\-I. of Water (p) 

Weight of Dry Soil (p) 

hloibrure Conlent (%) 

PLUS #4 h4ATERLAL SIEVE 

Tare Weigbt 1-1 

BACK SIEVE 

Tare Weight 

645 84 

HYDROSCOFIC hlOlSTURE FOR SIEVE SAMPLE 

U't. Soil & 'Tare (p) 

Dry Soil B Tare (p) 

. TareWcigbt(p)  

Moirrure Conrcnl ( X )  

T o u l  Weight of Sample Use 

WI. +Tare (p) 

Tan Wcigbi (p) 

Total Weigh1 (gm) 

is Corrected for Hydrorcopir Moisture 

(before sepaming on tbc U4 sieve) 

x % 

MONTH AND YEAR 

PROJECT NAhlE 

PROJEm NUMBER 

SAnWLE ID: 

TYPE 
. . . . . . . 

hscripdao 

USCS 

LL TEST BY 

PL DATE SET U P  

PI REVIEW BY 

In'DROhIETER ANALYSIS 

Spec$= Gra\.ny(arr'd) 

Speclfic Gravny (tared) 

cobbles I 

c~arresand 

f m a  24.92 

t loo.o 

12.85 

62.23 

WEIGHT OF SAMPLE USED FOR HYDROMETERTEST 

Wc ofSnmplc W n  or Dry (p) 

Golder Associates Inc. 



uly-04 043-2246.000 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASThl D421, D422, D4318 

PROJECT NAME: 

TYPE: BULK 

Rocky FlatslField & Lab TestiogKO 
SAMPLE ID: PP-9 Depth(fi): - 

12.0" 304.8 100.0 
6.0" 154.2 100.0 Cobbles 
3 . 0  75.0 100.0 

I O 0  

90 

80 

yo 70 

60 
a 

50 
S 

i 

g 

o 40 

30 

20 

10 

0 

0.00 

1000 100 10 

1.5" 
1 .O" 
0.75" 

M nio n20 

37.5 100.0 
25.0 100.0 Coarse Gravel 0.00 
19.0 100.0 

1 

Particle size in millimeters 

0.375" I 9.5 I 99.0 

#4 I 4.8 1 87.2 

0.1 

FmeGravel 12.85 

0.01 

#20 I 0.85 I 65.0 

#40 I 0.43 I 503  Mediumsand 

0.001 

27.47 

CW,SC Fine Coarse MEdilm! Fine I Sill m clay 

connLEs GRAVEL I SAND FINES I 
Particle Size Panicle Size 

#60 
#IO0 
#200 

0.25 39.9 

0.15 32.3 

0.075 24.9 Fine Sand 25.38 

I 2.5" I 63.5 I 100.0 
2.0 I 50.0 I 100.0 

DESCRIPI'ION: Yellowish brown (1 0 I 'R  5/8)  clayey sand 

#IO I 2.00 I 77.8 I CoarseSand I 9 3 8  

I 

USCS: sc I 

PLASTICITY CHART 

* 
0 IO 20 30 40 50 60 70 80 90 100 110 

LIQUID LmllT (LL) 

ATTERBERG LIMITS 
M. LL PL PI spc 

I 13.8 I 38 I 18 I 20 1 1 

RE\'IEWI M B  

Colder Associates Inc. 



OISTURE DENSITY CmVES 
ASTM D 698 & 1557 

Rock?. FlatslFicld & Lob TestinglCO TESTTYPE 
043-2246.0001 PROCEDURE 

PROJECT TITLE 
PROJECT NUMBER 

D698 D4718 
METHOD A 

I 
1 

WATER CONTENT 

Wt. Soil & Mold (\\‘I) 
Weight of Mold (W2) 
Wt. Of Wet Soil (W3=WI-W2) 
Wet Density, wd (pcf) (\V3/453.6*Vm) 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (%) 

4151.7 4253.3 43 15.8 4294.8 4260.4 
2265.80 2265.80 2265.80 2265.80 2265.80 
1885.90 1987.50 2050.00 2029.00 1994.60 
125.36 132.12 136.27 134.88 132.59 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

(W1) I 504.07 I 108.14 1 TOTAL WEIGHT, WET ( COARSE & FINE ) I 24033.23 I 

Wt Tare & Soil (W4) 
Wt Tare & Soil (W5) 
Wt Tare (W6) 
Wt Moisture (W7=W4-W5) 
Wt Dry Soil (W8=W5-W6) 

TOTAL WEIGHT, DRY (COARSE & FINE) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 

469.40 615.07 610.13 490.54 487.21 
439.34 565.63 555.65 444.01 437.71 
104.80 102.26 102.55 100.64 100.34 
30.06 49.44 54T48 46.53 49.50 
334.54 463.37 453.10 343.37 337.37 

, 

WEIGHT RETAINED ON 318“ SIEVE (WET) 
WEIGHT RETAINED ON 314” SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8“ SIEVE (DRY) 
PERCENT RETAINED ON 3/4” SIEVE (DRY) 

- - . ..,, 
Weight of Saturated-Sirface-Dry (gm) B 
Weight of Saturated Samole in Water (em) C 

POINT RESULTS (FINE) 1 2 3 4 5 6 7 I I I I I I I 1 

506.40 I I 
301.90 I 

Water Content (%) 10.7% I 12.0% I 13.6% I 14.7% I 
Dry Density (pcl) 119.4 I 121.6 I 118.8 I 115.6 I I 1 
MAXIMUM DRY DENSITY (pcf) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density (pcf) 
Corrected Optimum Moisture (%) USCS 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Drv SamDle (em) A I 504.07 I I 1 

Y .- , 

Absorption of Oversize Particles (%) I(B-A)IAj*IOO 0.46 I I 1 
Bulk Specific Gravity hl(B-C) I 2.465 I I I 

\ ,  I I I 

AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

pL PI 1-1 
MC \‘“.““I 

Ep 
REVlEW 

Golder Associates 



, ' 3  ' 

MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

b 
P 

MAXIMUM DRY DENSITY @cf) 12 1.6 I Corrected Maximum Dry Density @cr) 125.1 
OPTIMUM MOISTURE (%) 12.0 I Corrected Optimum Moisture (%) 10.4 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

DESCRIPTION Yellowish brown (10 YR 5/8) clayey sand 

I 

USCS sc I 

Rocky Flatsmield & Lab TestinglCO 
043-2246.0001 

PI 

DATE 7-20-04 
REVIEW 

Gold e r Associates 



AS RECEIVED WATER COKTENT 

Wt. WnSoi l&Tarc(p)  

Wt. Dry Soil & Tare (p) 

Wt. ofTarc (p) 

wt. of Water (p) 

Weight ofDry Soil (pn) 

loisrurc~ontcnt 

Rocky FlatslField & Lab Testing/CO 
043-2246.000 1 

BULK 
PF- 10 731.59 

650.49 
102.96 
81.10 

541.53 
14.8 1 

- 

4 OR 3 POINT ATTERBERG 

LIQUID LIMITS 
Number of Blows 
w a g i  or\*ct s141 a T~~ (m) 

u ~ t g h ~ ~ r w s ~ ~ i a ~ ~ ( ~ , )  

Weight ofTare  (gm) 
Weight of Waler (gm) 
Weight of Dry Soil (gm 
Water Content % 

PLASTIC LIMIT DETERMINATION LIQUID LIMIT DETERMINATIOh 
umber of Blous 
/eight of Wet Soil & 
Ieight of Dry Soil & 
Ieight ofTare  (gm) 
Ieight of Water (gm) 
/eight of Dry Soil ( 
later Content % 

PLASTIC LIMIT (PL) 

PLASTICITY INDEX (PI) m 

LIQUID LIMIT (LL) 

Ea 

;LOWS MC 
32 41.07 3.47 25 
23 44.28 3.14 0.00 
16 45.90 2.77 -2 
0 0.00 #NUM! 

, .’ 3 

ATTERBERG LIMITS 

PROJECT NAME 

PROJECT NUMBER 

SAMPLE ID: 

TYPE 

I ONE POINT ATTERBERG 

PLASTIC LIMITS 
r,ghtofWnSvll& Tar=(-) 

e , @ o r h y ~ o ~ i d r ~ ~ ( ~ n )  

PLASTIC LIMIT (PL) 

0 
PLASTICITY INDEX (PI) 

0 

LIQUID LIMITS 

BLOWS 

K VALUE 

LIQUID LIMIT (LL) 

0 

TRIAL 1 

0 

#N/A 

TRIAL 2 7 
I-POINTS 

I NON-PLASTIC 

PLASTIC l ~ l h l l l ( P L )  m L I Q U I D  LIMIT (LL) m 
PIASTICITY INDEX (PI) 

Colder Associates Inc. 



Tare No. 
Wt. WE Soil & Tare (p) 

Wt, Dry Sail & Tare (p) 

Wt. ofTarc (p) 

wt. o f W a e r ( p )  

Weight of Dry Soil (p) 

MaisNrc Contau (K) 

I 1 

6650.49: 
102.96: 

541.53 

LUS #4 MATERIAL S E V E  

Tarc Weight 

BACK SlEn 

Tare Weight 

12 0" 
6 0" 
3 0" 

2 5. 

2 0 '  

15" 

IO" 

0 75" 

0 375' 

#4 

1110 

#20 

t140 

#60 

11100 

1200 

NTIGHT OF SAMPLE USED FOR HYDROMETER TESI 

W I  Of Sample wn or Lky (p) 

TEST BY 

DATE SET W 
REVIEW BY 

coary sand 

rvls 

Colder Associates Inc. 



a 

e CGl,SC Fine Coanc M d l l l m  F l n C  I Silt or Clay 

P.L. 

uly-04 043-2246.0( 
PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 

ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: PF-10 Depth (fit): - 
TYPE: BULK 

Rocky FlatslField & Lab Testing/CO 

100 

90 

80 

% 70 

60 
a 

50 
S 

i 
n 4O 

g 
30 

20 

IO 

0 

DESCRIPTION: 

USCS: 

1000 100 

YellowIsli brown ( 1  0 YR 518) clayey sand with 
gravel 

sc I 

10 1 0. I 

Particle size in millimeters 

0.01 0.001 

Panicle Size Particle S u e  

(mm) % Passing Classification Percentage 

0.035 
0.022 
0.013 Fines 

0.0091 Si11 nr Clay 

0.0064 1R.9 
0.0032 l R . O  

0.00 I4 

28.52 1 

PLASTICITY CHART 

0 10 20 30 40 60 70 80 90 100 ! I O  

LIQUID LIMIT (LL) 

ATTERBERG LIMITS 
M. LL PL PI soc 

14.8 43 18 25 

REV I E W 

Colder Associates Inc. 



< e 

OISTURIE DENSITY m V E S  
ASTM D 698 & 1557 

(W1) 
(W2) 

(WJ=WI-WZ) 
(W31453.6'Vm) 

D4718 1 
1 

TYPE COMPACTOR PREPARATION 
pZiZT1 

PROJECT TITLE 
PROJECT NUMBER 
SAMPLE IDENTITY 
SAMPLE TYPE 

p z q  
TYPE PROCTOR 

4039.4 4136.7 4240.6 4243. I 4216.1 

2265.00 2265.00 2265.00 2265.00 2265.00 
1774.40 1871.70 1975.60 1978. IO 195 1.10 

117.95 124.42 131.33 131.49 129.70 

hlETHOD A: 20% OR LESS RETAINED ON #4 

(W6) 
(W7=W4-W5) 
(wB=W5-W6) 

hlETHOD E: > 20% RETAINED ON #4 AND 
20% OR LESS RETAINED ON 318 

103.88 100.42 101.25 103.12 102.16 

52.75 53.60 61.55 65.23 79.02 
523.01 466.56 472.18 447.43 490.44 

1 1  
MOLD VOLUME (cu.ft) 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 

hlETHOD C: > 20% RETAINED ON 318" AND 
5.5 4bf. RAMMER WITH 12 INCH DROP C 30% RETAINED ON 314" 

WATER CONTENT 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
WI Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (%) 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT, WET (COARSE & FINE) 
TOTAL WEIGHT, DRY ( COARSE & FINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 

69.25 

67.73 
13.80 

WEIGHT RETAINED ON 318" SIEVE (WET) 
WEIGHT RETAINED ON 314" SIEVE (WET) 

PERCENT RETAINED ON # 4 SIEVE 
PERCENT RETAINED ON 318" SIEVE 
PERCENT RETAINED ON 314" SIEVE 

POINT RESULTS (FINE) 

Wt. Soil & Mold 
Weight of Mold 
Wt.  Of Wet Soil 
Wet Density, wd (pcf) 

WATER CONTENTS 
W t  Tare & Soil 
W t  Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

I I I I I I 6 I 7 1 2 3 4 5 I 

620.58 I 634.98 I 6 1 . 7 8  I 671.62 I I 
566.98 I 573.43 I 550.55 I 592.60 I I 

Water Content (%) 
D r y  Density (pcQ 

11.5% I 13.0% I 14.6% I 16.1% I 
111.6 I 116.2 I 114.8 I 111.7 I I 

MAXIMUM DRY DENSITY (pcf) 
3PTIMUM MOISTURE CONTENT (%) 
Jorrected Maximum Dry Density (pcf) 
Jorrected Optimum Moisture (%) 

1 16.4 

122.1 

I 
gravel 

I 

USCS 

ipecific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 

4bsorption of Oversize Particles (%) 
Weight of Saturated Sample in Water (gm) 

I(BA)IAI*100 

Sulk Specific Gravity A@C) 2.465 I I 
4VERAGE ABSORPTION (assumed) 
4VERAGE BULK SPECIFIC GRAVITY (assumed) 

1 

REVIEW 

Golder Associates 



MOISTURE / DRY DENSITY CURVE 
D698 METHODA 

DESCRIPTION 

MAXIMUM DRY DENSITY @ct) I 16.4 I Corrected Maximum Dry Density @cf) 122.1 
OPTIMUM MOISTURE (%) I 3.5 I Corrected Optimum Moisture ( “ 7 )  11.0 

Yellowish brown (1  0 YR 5/8) clayey sand with gravel 

SAMPLE ID PF- 10 
SAMPLE TYPE 

SAMPLE DEPTH 

USCS 
I 

sc I 

Rocky FlatslField & Lab TestinglCO 
043-2246.0001 

PI 

TECH 
DATE 7-22-04 

REvIE 

Golde r Associates 



/ For Submittal of Shop Drawings, Equipment Data, Material Sa 
Manufacturer's Certificates of Compliance, or Other 

(Read Instructions prior to initiating this form.) 
Date: 09-08-04 

X 
1 I I 

Section I REQUEST FOR ACCEPTANCE OF THE FOLLOWING ITEMS (This s e c l h  lo be lniriaied by the Subcontractor) 
Tn- I From: I I SubmittalNo. 020A 

Resubmittal 

- -. 
Mr. Bob Davis 
WETS 
10808 Highway 93, Unit B Bldg 116 

Paul Kreitz Subcontract No: KH020577 
S.M. Stoller Corporation 
990 South Public Road, Suite A 

Previous Submittal No. 

Golden, CO 80403-8300 

Specification Sec. No. (Cover only one section with each Submittal) 

Lafayette, CO 80026 

Item I DescriDtion of Item Submitted I MFG. Or Contr. Cat., Curve 

Project Title: Construction of the Present Landfill Accelerated Action 

No. of I Contract Reference I Deviation I Con tractor 

Section 11 
I 

(See Instruction 

Sheet No. 

I I 

I 

Action Code 
(See Instruction #9) 

I I 

No. 

a. 

1 

I I 

I certify that the above submittal items have been received 
in detail and are correct and in strict conformance with the 
contract drawings and specifications except as otherwise 
noted. 

Signature of Subcontractor: 

(Type, size, model number, etc.) Drawing or Brochure No. Copies Doc1 
(See Instruction #8) Spec. 

Paragraph No. 

b. C. d. e. 

Consolidation and biaxial test results NIA 6 
from Golder Associates, Inc 

I -  

Enclosures Returned (List by Item No.): 

f. 
NIA 

Title and Signature of Accepting Authority: 

g. h. 

NIA 

Date: 



Golder Associates Inc. 
44 Union Boulevard, Suite 300 
Lakewood, CO USA 80228 
Telephone (303) 98-0 
Fax (303) 9852080 
www.golder.com 

TRANSMITTAL LETTER 

DATE: 043-2246 

TO: S.M. Stoller Corporation 
990 S. Public Rd., Suite A 
Lafayette, Colorado 80226 

Attention: Steve Brinkman 

SENT VIA: Federal Express (priority) 

PROJECT NO.: September 2,2004 

1 Set 
~~ 

Consolidation and Triaxial Test Results 

REMARKS: Please find one set of consolidation and triaxial test results for the cushion stockpile at 
Rocky Flats. ,I 

Per MarkMcClain 

OFFICES ACROSS AFRICA ASIA, AUSTRALIA. EUROPE. NORTH AMERICA AND SOUTH AMERICA 



. ._ 

GEOTECHNICAL L A B O R A a Y  SAMPLE TEST REQUEST e A 

DATE SUBMITTED:' SAMPLED BY: 

PROJECT NAME (SHORT TITLE): 

SEND RESULTS ~ / 1 Phone: 

Y = Requested Test d 

. .  

PROJECT NUMBER: 

SPECIAL INSTRUCTIONS TO LAB 
(* Include Test Parameters) 

I I I I  
1 1 . 1  I 

Pfl 
Collected by Date: 71714 Time: I I 4 Accepted By (Lab): m h e  Date: 103 Time: I 330 h-5 



...---.- .. ... ....... 

- 1  

tOCKY FLATWFIELD & LAB TESTICO SAMPLE: PF-1 
143-2246-0001 

ONEDIMENSIONAL CONSOLIDATION 

DATE 8/4/2004 
TECH NG 

REVIEW 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weighcwet (g) 
specimen weighcdry (g) 
water weight (g) 

JEO 

total height (in) 
height ofsolids (in) 
height of voids (in) 
void ratio 
drydensity(pcf) . ' 

moist density (pcf) 

(DOUBLE DRAINAGE) 
HAZ (in"2) HA2 ( d Z )  

0.2460 1.5872 
0.2436 1.5715 
0.2393 1.5438 
0.2287 1.4752 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pcf) 
moist density (pcf) 

CONSOLIDATION CC 
Cv (cmAZ/scc) (RA2/day) 

2.64E-02 2.46E+OO 0.008 
2.27E-02 2.12E+OO 0.026 
2.49E-02 2.328+00 0.046 
2.3 1E-02 2.16E+00 0.1 14 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

P m s m  
(kf) 
0.25 

0.50 
0.50 

1 .o 
2.0 
4.0 
8.0 

3mJEK 

Sample 
Height 

0.9953 
0.9934 
0.9934 
0.99 17 
0.9862 
0.9766 
0.9529 

Sample 
Height 

- ,  

0.9920 
0.9871 
0.9783 
0.9564 

TIME (min) 

. .  

0.197 
0.227 
0.204 
0.209 

115.8 
116.0 
1 16.6 
117.8 
120.7 

RATIO 

0.442 
0.439 
0.439 
0.437 
0.429 
0.4 15 
0.380 

e 
(DOUBLE 

H (in) 

0.4960 
0.4935 
0.4892 t 0.4782 

IAINAGE) 
H (a) 

1.2598 
1.2536 
1.2425 
1.2146 

AKEWOOD, COLORADO 



: .  

ONE-DIMENSIONAL CONSOLIDATION 

0.45 

0.44 

0.43 

0.42 

8 

B 
2 0.41 
fi 

0.40 

0.39 

0.38 

0.37 
0.1 

3AMPLE #: 
IPF-l ', 

\ 

1 
PRESSURE (ksf) 

10 

IESCRIPTION: 

XOCKY FLATSmIELD & LAB TESTICO 
143-2246-0001 

TECH 
REVIEW1 EO 

COLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



I 

ONEDIMENSIONAL CONSOLIDATION 

0.44 I 
0.43 

0.42 

00.41 z 
E 
0 
s0.40 

039 

0.38 

037 
1 

Cv (ftA2/day) 

IESCRIPTION: 

3AMPLE #: 

ROCKY FLATS/FIELD & LAB TEST/CO 
143-2246-0001 

. .  

10 

DATE 
TECH 

REVIEW 

8/4/2004 
NG 
EO 

COLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



.. 

XOCKY FLATS/FIELD & LAB TEST/CO SAMPLE: PF-2 DATE 
143-2246-0001 TECH 

REWEW 

8/4/2004 
NG 
JEO 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weightwet 
specimen weightdry 
water weight (g) 

Yellowish brown (1 0 YR 5/8) clayey sand 

total height (in) 
h e a t  of solids (in) 
height of voids (in) 
void ratio 

moist density (pcf)  
dry density @cf)  

tare # s5 tare /# 8A 
wt soil&tare,moist 99.05 wt soil&tare,moist 204.64 
wt soil&tare,dry 91.33 wt soil&tare,dry 181.44 

total height (in) 
h e a t  of solids (in) 
heght of voids (in) 
void ratio 

moist density (pcf) 
dry density @cf)  

LL: 43 wt tare 27.72 
P L  19 wt moisture 7.72 
PI: 24 wt dry soil 63.61 
Gs: 2.70 Assumed % moisture 12.14% 

wt tare 33.29 
wt moisture 23.20 
wt dry soit 148.15 
% moisture 13.66% 

PRESSURE 
o t 4  

o.100 
0.500 
0.500 

1 .o 
2.0 
4.0 
8.0 

77xmlc 

hlOO 
Sample 
Height 

--mm- 
0.9916 
0.9913 
0.9886 
0.9825 
0.9751 
0.9660 

slsmm 

D5O 

Height 
Sample 

0.9892 
0.9836 
0.9763 
0.9672 

t5O 
TIME (min) 

0.217 
0.236 
0.257 
0.208 

- 
sample 
Dcnaiiy 

116.0 
116.0 
116.3 
117.1 
118.0 
119.1 

- 

- 
VOID 
uno 

7mF 
. .. . e  ' -  

0.453 
0.452 
0.448 
0.439 
0.428 
0.415 

- 

DRAINAGE PATH --.  ..._ ... . 
(DOUBLE DRAINAGE) 
K(h) - 

0.4946 
0.4918 
0.4882 
0.4836 

- 

H (cm) 

i.2563 
1.2492 
1.2400 
1.2284 

DRAINAGEPATH 
(DOUBLE DRAINAGE) 

H"2 ( i )  

0.2446 
0.2419, 
0.2383 
0.2339 

IIN2 (cm??) 

1.5782 
1.5604 
1.5375 
1.5089 

COEFFICIENT OF 
CONSOLIDATION 

Cv (cmWscc) 

2.3 9E-02 
2.17E-02 
1.96E-02 
2.38E-02 

~~ 

2.23Ei-00 
2.03Ei-00 
1.83Ei-00 
2.22Ei-00 

CC 

0.013 
0.030 
0.036 
0.044 

AKEWOOD, COLORADO 



. .  . .. 

.. . . .  
I '  . 

... 

.. . 

0.1 

3AMPLE #: 

DESCRIPTION: 

ONEDIMENSIONAL CONSOLIDATION 

1 10 
PREsSURE(ksf) 

PF-2 
I 

Yellowish brown (10 YR 5/8)  I 
clayey sand 

ROCKY FLATS/FIELD & LAB TEST/CO DAmk TECH 

043-2246-000 1 
GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



0.45 

0.44 

0 
F: 

fl 
20.43 

0 > 

0.42 

0.41 

ONEDIMENSIONAL CONSOLIDATION 

1 

SAMPLE #: 

DESCRIPTION: 

I..._ ...... _.-... 

Cv (ftA2/day) 

7 

r .I... _.,~ .... 

10 

Yellowish brown (1 0 YR 5/8)  
clayey sand 

DATE1 8/4/2004 

ROCKY FLATSLFIELD & LAB TESTICO TECH1 NG 
043-2246-000 1 1 

REVIEW1 E O  
GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



. . . .. . .  

~ 

LOCKY FLATS/FIELD & LAB TESTKO 
43-2246-0001 

SAMPLE: PF-3 DATE 8/4/2004 
TECH NG 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weightwel 
specimen weight,dry 
water weight (g) 

REVTEW 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pcf) 
moist density (pcf) 

JEO 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pco 
moist density (pcf) 

(50 
ThfE (fw 

0.201 I 
0.2262 

, 0.2470 
0.2131 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 

sample 
Density 

(pet) 
115.1 
1 15.8 
115.8 
115.9 
1 16.4 
117.3 
118.4 

PRESSURE 
(bo 
0.25 
0.50 
0.50 
1 .o 
2.0 
4.0 
8.0 

DSO 
Sampk 
Height 

- .  

0.9910 
0.9870 
0.9800 
0.9710 

hlW 
Sample 
Height 

0.9976 
0.9916 
0.991 8 
0.9908 
0.9863 
0.9788 
0.9696 

DRAINAGE PATH 
(DOUBLE DRAINAGE) 

H"2 ( i 2 )  H Y  (cnr'2) 

0.2455 1.5841 

0.2401 1.5489 
0.2435 1.5711 

0.2357 1.5207 

VOID 
wno 

0.448 
0.439 
0.439 
0.438 
0.43 1 
0.420 
0.407 

e 

COEFFICIENT OF 
CONSOLIDATION CC 

Cv ( d U s e c )  (WUday) 

2.59E-02 2.41E+OO 0.005 

2.06E-02 1.92EMO 0.036 
2.28E-02 2.13E+00 0.022 

2.34E-02 2.19E+00 0.044 

H (W 

0.4955 
0.4935 
0.4900 
0.4855 

H (c.4 

1.2586 
1.2534 
1.2446 
1.2332 

;OLDISH ASSOCIA'I'ES INC. 
AKEWOOD, COLORADO 



0.45 

DESCRIPTION: 

0.44 

Yellowish brown (10 YR 5 /8 )  
clavev sand with Dave1 

0.43 
B 

Q 
0.42 

? 

0.41 

0.40 
0.1 

ONE-DIMENSIONAL CONSOLIDATION 

SAMPLE #: 

1 
PRESSURE o<sf) 

\ 

10 

ROCKY FLATSEIELD & LAB TESTKO 
143-2246-0001 I 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

I .  



00.43 

9 
a 
0 
s0.42 

DESCRIPTION: 

ONE-DIMENSIONAL CONSOLIDATION 

Yellowish brown (1 0 YR 518) 
clayey sand with gravel 

0.42 

0.41 

0.41 
1 

~~~ 

Cv (ftA2/day) 

3AMPLE #: IpF-31 

ROCKY FLATSFIELD & LAB TESTICO 
143-2246-0001 

10 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



* 
XOCKY FLATS/FIELD & LAB TESTICO SAMPLE: PF-4 DATE 
143-2 2 46-000 1 TECH 

REVIEW 

8/4/2004 
NG 
JEO 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weight,wet (g) 
specimen weight,dry (g) 
water weight (g) 

DSO 
Sample 

total heieht (in) I 0.998 1 totai height (in) I 0.9547 1 

150 
TIME (min) 

height orsol% (in) 0.700 
height of voids (in) 
void ratio 

height orsol% (in) 
height of voids (in) 
void ratio 

RATIO 
e 

0.424 

dry density (pcf) 
moist densitv (DC~)  

(DOUBLE DRAINAGE) (DOUBLE DRAINAGE) 

I I 
H(m) I H (cm) HA2(mA2) I HY(cm"2) 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 

PRESSURE 
(W 
0.25 

0.50 
0.50 
1 .o 
2.0 

. 4.0 
8.0 

;OLDERI 

hlOO 
Sample 
Height 

imET 
0.9927 
0.9922 
0.9902 
0.9826 
0.9723 
0.9582 

SOclATl 

Height I 
I I 117.0 

0.9906 
0.9836 
0.9736 
0.9601 

0.2544 
0.1999 
0.2905 
0.1989 

117.4 
117.4 
117.7 
118.6 
119.8 
121.6 

AKEWOOD, COLORADO 

VOID I DRAINAGE PATH I DRAINAGE PATH I COEFFlClENT OF I 
C C  

0.4953 
0.49 18 
0.4868 
0.4801 

1.2581 
1.2492 
1.2364 
1.2194 

- .  

0.2453 
0.2419 
0.2369 
0.2305 

1.5828 
1.5605 
1.5287 
1.4868 

CONSOLIDATION -1 
0.010 
0.036 
0.049 
0.067 



0.43 

0.42 

0.41 

0.40 

0.39 

P 

0*38 r 
0.36 

""7 F 
035 I 

0.1 

SAMPLE #: 

DESCRIPTION: 

ONE-DIMENSIONAL CONSOLIDATION 

1 

1 10 
PRESSURE @f) 

IpF-41 
I 

Yellowish brown (1 0 YR 518) 

100 

lclayey sand (SC) I 
DATE! 8/4/2004 

ROCKY FLATSMIELD & LAB TEST/CO  TECH^ NG 
343-2246-0001 REVIEW1 E O  

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



! 

a 

0.42 

0.41 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

0.40 

8 

B 
$0.39 
B 

038 

ONEDIMENSIONAL CONSOLIDATION 

0.37 

0.36 
1 

CV (ft"2lday) 

;AMPLE #: 

10 

IESCRIPTION: 

DATE1 8/4/2004 

ZOCKY FLATS/FIELD & LAB TESTKO 
REVIEW TEcHE- 143-2246-0001 



XOCKY FLATSMIELD & LAB TESTKO 
143-2246-0001 

SAMPLE: 

height (in) 
diameter (in) 
area lin"2) 

PF-5 DATE 811 U2004 
TECH NG 

\ -I 

volume (in"3) 
specimen weighqwet (g) 
specimen weight,dry (g) 
water weight (e) 

REVIEW 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pcf) 
moist density (pcfl 

JEO 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 

moist density (pcf) 
w density @fl 

PRESSURE 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 

hlOO DSO 150 Sampk VOID 
Sampk Sample TIME (mm) Density RATIO 

(hf) 
0.100 
0.500 

Height Height (Pcf) e .  
0.9957 . -  117.0 0.424 
0.993 1 117.3 0.420 

0.500 
1 .O 
2.0 
4.0 
8.0 

DRAINAGE PATH I DRAINAGE PATH I COEFFICIENT OF I 

0.9926 117.4 0.4 19 
0.9903 0.9909 0.421 1 17.7 0.416 
0.9836 0.9846 0.210 118.5 0.406 
0.9733 0.9747 0.222 1 19.7 0.392 
0.9588 0.9609 0.180 121.5 0.371 

(DOUBLEDRAINAGE) I (DOUBLEDRAINAGE) I CONSOLIDATION CC 
H(ml I Hlcm) I H Y W 2 1  I HYlcm"2) I CvfdYsec)  I ffPYdav) 

0.4954 
0.4923 
0.4874 
0.4804 

1.2584 0.2455 1.5836 1.248-02 1.15E+00 0.011 
1.2505 0.2424 1.5638 2.448-02 2.28E-i-00 0.032 
1.2379 0.2375 1.5325 2.27E-02 2.1 1EM0 0.049 
1.2203 0.2308 1.4892 2.718-02 2.53E+OO 0.069 



0.43 

0.42 

0.41 

0.40 

0.38 

0.37 

0.36 

0.35 
0.1 

.. 

ONE-DIMENSIONAL CONSOLIDATION 

1 
PRESSURE (ksl 

SAMPLE #: PF-5 

DESCRIPTION: 

ROCKY FLATSMIELD & LAB TESTKO 

10 

DATE1 8/12/2004 

100 

D43-2246-0001 REvIEwl E O  

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



ONE-DIMENSIONAL CONSOLIDATION , 

DESCRIPTION: 

1 
CV (ftA2/day) 

Yellowish brown (10 YR 5/8) 
clayey sand with gravel (SC) 

~ - 5  
SAMPLE #: 

ROCKY FLATWIELD & LAB TESTICO 

10 

TECH 
043-2246-0001 REVIEW1 E O  

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



.- 

30CKY FLATWFIELD & LAB TEST/CO 
143-2246-0001 

SAMPLE: PF-5 DUP DATE 81 I U2004 
TECH NG 

SAMPLE DATA, GENERAL SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 
REVIEW 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weighfwet (g) 
specimen weighfdry (g) 
water weight (g) 

JEO 

DESCRIPTION 

Gs: Assumed 

VOID 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pcf) 
moist density (pcf) 

DRAINAGE PATH DRAINAGE PATH 

MOISTURE C O N  
tare # 
wt soil&tare,moist 
wt soil&tare,dry 
wt tare 
wt moisture 
wt dry soil 
% moisture 

e 
0.440 
0.434 
0.433 
0.429 
0.419 
0.404 
0.378 

'Em, INITIAL 

H (in) 

0.4927 
0.4895 
0.4847 
0.4765 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pcf) 
moist density (pco 

RATIO 

MOISTURE CONTENT, FINAL 
tare # I u c 3  1 

lDOUBLE DRAINAGE) (DOUJ3LE DRAINAGE) 
H"2 (i2) H Y  (cm"2) 

0.2427 1.5660 
0.2396 1 S460 
0.2350 1.5158 
0.2270 1.4646 

wt soil&tare,moist 
wt soil&tare,dry 
wt tare 

Cv (cmWsec) 
I -  

2.35E-02 
2.24E-02 
2.33E-02 
1.478-02 

wt moisture t 22.00 I 
wt dry soil 
% moisture 

(WUday) 

2.20E+00 
2.09E+00 
2.17E+00 
1.37E+00 

PRESSURE 
(kf) 

0.100 
0.500 
0.500 

1 .O 
2.0 
4.0 
8.0 

0.9885 
0.9876 
0.9849 
0.9780 
0.9678 
0.9495 

Sample sample 

0.9854 
0.9790 
0.9694 
0.9529 

AKEWOOD, COLORADO 

0.218 
0.227 
0.214 
0.327 

Sampk 
Density 
(pet) 
115.7 
116.1 
116.3 
116.6 
117.4 
118.6 
120.9 

H (an) 

1.2514 
1.2434 
1.2312 
1.2102 

C C  

0.013 
0.033 
0.049 
0.088 



ONE-DIMENSIONAL CONSOLIDATION 

1 

0.45 

0.44 

0.43 

0.42 

0.41 

8 
2 0.40 
B 
0 > 

0.39 

0.38 

0.37 

0.36 

0.35 I 

1 

q+ 1 

- 

0.1 

7 SAMPLE #: 

DESCRIPTION: 

PRESSURE (ksf) 

Yellowish brown (1 0 YR 518) 
clayey sand (SC) 

10 100 

ROCKY FLATS/FIELD & LAB TESTICO 
DATE 8/12/2004 
T E C H 1 - Y  

143-2246-0001 REwEwl JEO 

;OLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



0.44 

0.43 

0.42 

00.41 

2 
fi 
0 
s0.40 

ONE-DIMENSIONAL CONSOLIDATION 

1 
Cv (ftA2/day) 

PF-5 DUP 

DESCRIPTION: 

SAMPLE #: 

DATE 
TECH 

REVIEW 

10 

ROCKY FLATSFIELD & LAB TEST/CO 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

811 U2004 
NG 
E O  



. .  . .  . -. . . ... . 

tOCKY FLATS/FIELD & LAB TESTKO 
143-2246-0001 

SAMPLE: PF-6 DATE 8/4/2004 
TECH NG 

height (in) total height (in) 
diameter (in) 
area (in"2) 
volume (in"3) void ratio 

height of solids (in) 
height of voids (in) 

REVIEW 

. I  

specimen weight,wet (g) 
specimen weight,dry (g) 
water weight (g) 

JEO 

dry density (pcf) 
moist density (pcQ 

(50 
Tbf.E 

0.2545 ' 

0.1780 
0.2242 
0.4444 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 

moist density (pcQ 
dry density (Pcf )  

Sample 
Dtnsity 

(Pcf) 
114.6 
115.2 
115.3 
115.5 
116.3 
117.7 
120.6 

0.9 00 

120.89 
40.53 

- .  

2.01 E-02 
2.848-02 
2.20E-02 
1.06E-02 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 
wt soil&tare,dry . 

- .  

1.87E+00 0.009 
2.658+00 0.032 
2.05E+00 0.058 
9.928-0 1 0.1 I3 

PRESSURE 
(hf) 

0.250 
0.500 
0.500 

1 .o 
2.0 
4.0 
8.0 

;OLDERI 
JAKEWO( 

Height ' 

0.9891 
0.9842 
0.9836 
0.981 8 
0.9752 
0.9632 
0.9400 

I D, COLORADO 

Height 

0.9822 
0.9763 
0.9655 
0.9444 

' VOID 
RATIO + 
0.446 
0.445 
0.443 
0.433 
0.415 
0.381 

D W A G E  PATH 
(DOUBLE 

H (in) 

0.491 1 
0.488 1 
0.4828 
0.4722 

IAINAOE) 
H (m) 

1.2474 
1.2398 
1.2262 
1.1995 

DRAINAGE PATH 
(DOUBLE DRAINAGE) 

H"2(*2) I H Y ( d 2 )  

0.24 12 
0.2383 
0.233 1 

. 0.2230 

I .556 I 
1 S372 
1.5036 
1.4387 

COEFFICIENT OF. 
CONSOLIDATION 

.. 
. -  

e 



ONE-DIMENSIONAL CONSOLIDATION 

IESCRIPTION: 

0.46 

~ 

Yellowish brown (1 0 YR 518) 
clayey sand with gravel 

0.45 

0.44 

0.43 

0 g 0.42 

2 
B 
0 0.41 > 

0.40 

0.39 

0.38 

037 
0.1 

3AMPLE #: 

1 
PRESSURE (ICs9 

DATE1 8/4/2004 

ROCKY FLATS/FIELD & LAB TESTKO  TECH^ NG 
143-2246-0001 REVIEW1 EO 
30LDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



ONE-DIMENSIONAL CONSOLIDATION 

0.45 

0.44 

0.43 

0.42 

3 . 4 1  

0.40 

0.39 

0.38 

0.37 i 

0.1 

SAMPLE #: 

DESCRIPTION: 
I PF-6 

1 
Cv (ftA2/day) 

Yellowish brown (10 YR 518) 
clayey sand with gravel 

ROCKY FLATSFIELD & LAB TESTE0 
143-2246-0001 

TECH 
REVIEW1 EO 

;OLDER ASSOCIATES ENC. 
LAKEWOOD, COLORADO 



{OCKY FLATWFIELD & LAB TEST/CO SAMPLE: PF-7 DATE 
143-2246-0001 TECH 

REVIEW 
1 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weight,wet (g) 
specimen weighbdry (g) 
water weight (g) 

8/4/2004 
NG 
JEO 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pcQ 
moist density (pcf) 

Yellowish brown (10 YR 5/8) clayey sand' tare #I K3 
wt soil&tare,moist 75.07 
wt soil&tare,dry ' 69.33 

L L  35 wt tare 21.99 
P L  18 . wt moisture 5.74 
PI: 17 wt dry soil 47.34 
Gs: 2.67 Assumed % moisture 12.13% 

( W  
- 

1 0. 9 

tare # F18 
wt soil&tare,moist 210.79 
wt soil&tare,dry 189.27 
wt tare 34.56 
wt moisture 21.52 
wt dry soil 154.71 
% moisture 13 .Y 1 '/o 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pco 
moist density (pcf) 

DRAINAGE PATH 
(DOUBLE DRAINAGE) 
H W  I H(cm) 

0.9682 
0.719 

0.347 
1 3.81 

DRAINAGE PATH 
(DOUBLE DRAINAGE) 

HA2(mA2) I HY(m"2) 

hlO0 DSO 
PRESSURE Sample Sample 

Height Height (hf) 
0.100 0.9937 
0.500 0.9900 
0.500 0.9888 

I .O 0.9865 0.9869 
2.0 0.981 5 0.9821 
4.0 0.975 1 0.9760 

t50 sample 
TIME (mm) -ity 

(Pcf) 

120.8 
121.0 

0.3428 121.2 
0.21 73 121.9 
0.2546 122.7 

' .  

0.2321 123.2 

VOID 
RATIO 

e 
0.384 
0.379 
0.377 
0.374 
0.367 
0.358 
0.352 

I .2534 
1.2473 
1.2395 
1.2340 

0.2435 
0.241 1 
0.23 8 1 
0.2360 

1.5710 
1.5557 
1.5364 
1.5229 

COEFFICIENT OF 
CONSOLIDATION 

Cv(cm"Usec) I (tr2day) 

1.5 OE-02 
2.3 5E-02 
1.98E-02 
2.15E-02 

C C  

0.01 1 
0.023 
0.030 
0.021 

AKEWOOD, COLORADO 



ONE-DIMENSIONAL CONSOLIDATION 

0.39 

0.38 

0.37 

9 0.36 
3 
a 
0.35 

0.34 

0.33 

0.32 
0.1 1 10 

PRESSURE (ksf) 

$AMPLE #: IpF-71 
IESCRIPTION 

ROCKY FLATSMIELD & LAB TEST/CO 

- 

- 

100 

TECH 
143-2246-0001 REvIEwl JEO 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



ONE-DIMENSIONAL CONSOLIDATION 

0.38 

037 

0.36 

035 

t 

1 
Cv (ftA2/day) 

10 

DESCRIPTION: 

SAMPLE #: 

lclayey sand (SC) I 
DATE1 8/4/2004 

ROCKY FLATSlFIELD & LAB TESTKO TECH1 NG 
D43-2246-0001 REVIEW] EO 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



tOCKY FLATS/FIELD & LAB TESTKO 
143-2246-0001 

SAMPLE: 

height (in) I 0.9970 1 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weight,wet (g) 
specimen weight,dry (g) 
water weight (g) 

PF-8 DATE 8/12/2004 
TECH NG 

total height (in) 
height of solids (in) 

'height ofvoids (in) 
void ratio 
dry density (pcf) 
moist density (pcf) 

REVIEW 

I .5 

JEO 

total height (in) 
height of solids (in) 
heirrht of voids (in) . ,  
voii ratio 
dry density (pcf) 
moist densitv ( D C ~  - . \. I 

DESCRIPTION MOISTURE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 
wt soil&tare,dry 

wt moisture 

PRESSURE 
(hf) 

0.100 
0.500 
0.500 

1 .o 
2.0 
4.0 
8.0 

COLL)ERI 

hlOO 
Sample 
Height 

7mm- 
0.9923 
0.9919 
0.9897 
0.9813 
0.9684 
0.9423 

D5O I 150 I Sample I VOID I DRAINAGE PATH I DRAINAGE PATH I COEFFICIENT OF 
Sample I TME(min) I Density RATIO (DOUBLE DRAINAGE) (DOUBLE DRAINAGE) CONS01 

pco e H ( W  I H(cm) HY(in"2) I H"2(cmA2) Cv(crn"2/scc) 
1.7 0.49 1 I I 

0.9903 0.255 
0.9828 0.255 
0.97 I O  0.194 
0.9462 0.207 

12.1 0.487 
12.1 0.486 
12.4 0.483 0.4951 . 
13.3 0.470 0.4914 
14.8 0.45 1 0.4855 
18.0 0.412 0.473 1 

.2576 0.2452 .5817 2.04E-02 

.2332 0.2357 S207 2.57E-02 

.2482 0.2415 .5580 . 2.01E-02 

.2017 0.2238 .4440 2.29E-02 

)ATION 
(WzdaY) 

1.90E+00 
1.87EMO 
2.40EM0 
2.14Ei-00 

CC 

0.01 1 
0.042 
0.064 
0.130 

LAKEWOOD, COLORADO 



a 

* 

' 

0.50 

0.49 

0.48 

0.47 

0.46 

0.45 

0.44 
0 3 0.43 

B 0.42 
0 > 

0.41 

0.40 

0.39 

0.38 

0.37 

036  

035 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

0.1 

3AMPLE #: 

DESCRIPTION: 

ONE-DIMENSIONAL CONSOLIDATION 

1 
PRESSURE (ksf) 

Yellowish pp8- brown (1 0 YR 5/8)  
clayey sand with gravel (SC) I 

ROCKY FLATS/FIELD & LAB TESTKO 
D43-2246-0001 

10 100 

TECH 
REVIEW1 E O  



ONE-DIMENSIONAL CONSOLIDATION 

0.49 

0.48 t 

0.43 

0.42 

0.41 

0.40 
1 

Cv (ft”2lday) 

SAMPLE #: IPF-8 
I 

DESCRIPTION: Yellowish brown (1 0 YR 518) I 
\clayey sand with gravel (SC) 

ROCKY FLATSIFIELD & LAB TESTKO 
043-2246-0001 I 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



ONE-DIMENSIONAL CONSOLIDATION 
ASTM D 2435 

tOCKY FLATS/FIELD & LAB TEST/CO SAMPLE: PF-9 
143-2246-0001 

DATE 8/4/2004 
TECH NG 

REVIEW( JEO 

SAMPLE DATA, GENERAL SAMPLE DATA, INITIAL SAMPLE DATA, FINAL 

I d  

wt tare 
wt moisture 

Gs: 2.67 Assumed % moisture 1 1.95% % moisture 
P I  20 wt dry soil 71.91 wt dry soil 

heieht (in) I 0.9920 1 

33.19 
20.23 
153.09 
13.2 1 '/o 

" \ I  

diameter (in) 
area (in"2) 
volume (in"3) 

(DOUBLE DRAINAGE) 
H"2 (in"2) I H Y  (m"2) 

S660 

S371 
S523 

S311 

. I  

specimen weight,wet (g) 
specimen weight,dry (g) 
water weight (g) 

CONS0 
Cv (mA2/sec) 

2.358-02 

1.94E-02 
2.00E-02 

2.56E-02 

DESCRIPTION 

Yellowish brown (10 YR 5/8) clayey sand 

IATION 
(WUdaY) 

2.2OE+OO 
1.87E+OO 
1.81E+00 
2.39E+OO 

I I 
L L  38 
P L  18 

C C  

0.010 
0.021 
0.021 
0.010 

total height (in) 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pcf) 
moist density (pcf) 

MOISTURE CONTENT, INITIAL 
tare # I K20 1 ~~ 

wt soil&tare,moist 
wt soil&tare.drv 

total height (in) 0.97 14 
height of solids (in) 
height of voids (in) 
void ratio 
dry density (pcfj 122.30 
moist density (pcf) 138.47 

MOISTURE CONTENT, FINAL 
tare # i 4A 1 _. 

wt soil&tare,moist 
wt soil&tare.drv 186.28 

7 .  

wt tare 
wt moisture 

hlOO 
PRESSURE Sample 

(bf) Height 
0.100 0.9905 
0.500 0.9875 
0.500 0.9870 

1 .o 0.9849 
2.0 0.9804 
4.0 0.9758 
8.0 0.9735 

DSO 6 0  Sampk vow 

Height (Pd) e 
Samplo -I-lME Dmsity RATIO 

1 19.7 0.392 
120.0 0.388 
120.1 0.387 

, 0.9854 0.2 I85 120.4 0.384 
0.98 10 0.2546 120.9 0.378 
0.9762 0.2599 121.5 0.37 1 

DRAINAGE PATH 
(DOUBLE 
H (in) 

0:4927 
0.4905 
0.4881 
0.4872 

U A G E )  
H (m) 

1.2514 
1.2459 
1.2398 
1.2374 

DRAINAGE PATH I COEFFICIENT OF I 

0.2427 
0.2406 
0.2383 
0.2373 

AKEWOOD, COLORADO 



ONE-DIMENSIONAL CONSOLIDATION 

0.40 

0.39 

0.38 
s 

B 
0 > 
0.37 

0.36 

.0.35 
0.1 

AMPLE #: 

W3XIPTION: 

1 
PRESSURE (ksf) 

~~ 

Yellowish brown (10 YR 5/8)  
clayey sand 

LOCKY FLATSlFIELD & LAB TEST/CO 

10 100 

43-2246-0001 1 

;OLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



I 

a 

0.39 

0.39 

0.38 

e 
0 + 

0.38 

0.37 

0.37 

ONE-DIMENSIONAL CONSOLIDATION 

1 
Cv (ft"2lday) 

I 

DESCRIPTION: Yellowish brown (1 0 YR 5 / 8 )  I 
[clayey sand I 

ROCKY FLATSBIELD & LAB TEST/CO 

10 

DATE1 8/4/2004 
TECH1 NG 

D43-2246-0001 REVIEW1 E O  

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



. . .. . . .. . .  . .  

{OCKY FLATS/FIELD & LAB TESTKO 
143-2246-0001 

SAMPLE: 

. . ... 

PF-IO DATE 8/ 12/2004 
TECH NG 

REVIEW 

height (in) 
diameter (in) 
area (in"2) 
volume (in"3) 
specimen weighcwet (g) 
specimen weight,dry (g) 
water weight (g) 

JEO 

total height (in) 
height of solids (in) 
heieht of voids (in) 

total height (in) 
height of solids (in) 
heieht of voids (in) 

CONSOLIDATION 
CvlanA2/sec~ 1 W2/davl 

. I  

voi; ratio 
dry density (PCO 
moist density (pcf) 142.30 

\ I  

voii ratio 
dry density (pct) 
moist density (pcf) 

C C  

DESCRIPTION MOI!TIWRE CONTENT, INITIAL MOISTURE CONTENT, FINAL 

wt soil&tare,moist wt soil&tare,moist 

1.51E-02 
2.00E-02 

2.26E-02 
.2.58E-02 

PRESSURE 
(wl 

0.100 
0.500 
0.500 

I .o 
2.0 
4.0 
8.0 

;ULDERI 

1.41EMO 0.019 
1.86E+00 0.050 

2.1 1E+00 0.108 
2.4 1 E+OO 0.066 

hlOO 
Sample 
Height 

0.9967 
0.9923 
0.99 1 7 
0.9878 
0.9775 
0.9636 
0.94 1 1 

DSO 

Height 
Sample 

0.9886 
. 0.9789 
0.9656 
0.9439 

AICEWOOD, COLORADO 

150 
TIME (min) 

0.343 
0.254 
0.191 
0.208 

sample 
-ty 

4%- 
116.6 
116.6 
117.1 
118.3 
120.0 
122.9 

- vom 
RATIO 

735%- 
0.429 
0.429 
0.423 
0.408 
0.388 
0.356 

DRAINAGE PATH 
(DOUBLE 

H (in) 

0.4943 
0.4894 
0.4828 
0.4719 

LAINAGE) 
H (cm) 

1.2556 
1.2432 
I .2264 
1.1987 

DRAINAGE PATH 
(DOUBLE 

H"2 ( i 2 )  

0.2444 
0.2396 
0.233 I 
0.2221 

IAINAGE) 
HY ( d 2 )  

1 S765 
1.5455 
1 SO40 
1.4369 

COEFFICIENT OF I 



e 

a 

' 

0.45 

0.44 

. 0.43 

0.42 

0.41 

0.40 

0.39 
0 
E= 0.38 

e 0.37 

0.36 

0.35 

0.34 

0.33 

0.32 

0.31 

0.30 

2 
P 

043-2246-0001 1 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

ONE-DIMENSIONAL CONSOLIDATION 

DESCRIPTION: 

I 

0.1 

Yellowish brown (1 0 YR 518) 
clayey sand with gravel (SC)  

1 
PRESSURE (ksf) 

SAMPLE #: IpF-Io) 

10 100 

ROCKY FLATSMIELD & LAB TESTKO 



0.43 

0.42 

0.41 

0.40 

0.38 

0.31 

036 

0.35. I 

1 

ONE-DIMENSIONAL CONSOLIDATION 

10 
Cv (ftA2/day) 

PF-10 

IESCRIPTION: 

3AMPLE #: 

XOCKY FLATSEIELD & LAB TESTKO 
143-2246-0001 I 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 



. . 

Sample # = 
Point # = 

Length= 

wet weight = 
Diametex = 

Area= 
Sample Area = 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 
Wet Density = 
Dry Density = 
Wet Density = 
Dry Density = 

PF- I 
1 

Initial 
14.66 cm 
7.30 cm 

41.9 sq.cm 
6.49 sq. in. 

1274.70 g 

613.6 cc 
12.7% 

na 
1131.06 g 

2.08 glcc 
1.84 g/cc 

129.6 pcf 
115.0 pcf 

Cellpressure= 100 psi 
Backpressure= 97 psi 

ConfiigPressure= 3 psi 

Sample#= PF-I 
Point # = 2 

Initial 
Length= 14.72 cm 

Diameter= 7.30 cm 
Wetweight= 1273.80 g 

Area= 41.9 sq.cm 
SampleArea= 6.49 sq. in. 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 
Wet Density = 
Dry Density = 
Wet Density = 

'DryDensity= 

616.1 cc 
12.7% 

na 
1130.26 g 

2.07 glcc 
1.83 g/cc 

129.0 pcf 
114.5 pcf 

Cell Pressure= 100 psi 
Backpressure= 94 ' psi 

C o n f ~ g P r e s s u r e =  6 psi 

Sample # = 
Point # = 

Length= 
Diameter = 

Wet Weight = 
Area= 

Sample Area = 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 

Wet Density = 
Dry Density= 
Wet Density = 
Dry Density = 

Cell Pressure = 
Back Pressure = 

C o n f ~ g  Pressure = 

['I:- I 
3 

Initial 
14.76 
7.30 

1273.70 
41.9 
6.49 

617.7 

na 
1130.17 

2.06 
1.83 
128.7 
114.2 

12.7% 

100 
91 
9 

cm 
cm 
g 
sq.cm 
sq. in. 

cc 

psi 
psi 
psi 

Notes: 1. Sample remolded to 95% of maximum dry density (120.6 pcf) and +2% of optimum (12.7%) moisture content 
2. Yellowish brown (10 YR 5/8) clayey sand with gravel SC 

Golder Associates, Inc. Title: 

Denver, Colorado 
ob Short Title: 

TRIAXlAL SHEAR TEST REPORT 
SAMPLE DATA AND CALCULATIONS 

ROCKY FLAISIFIELD & LAB TeSIINCICO I 
ample No. RtVitWtd: IDate: lJob Number: IFigure: 1 

'F-1 I TIS I 7/29/2004 043-2246.000 1 



I 

;ample No. Job Number: 
PF-1 07/29/04 043-2246.0001 

Shear Stress vs. Strain 
9 1  1 

Figure: 

I -6psi 
I --psi t 

I 1 I I I 

0% 5% 10% 15% 20% 25% 30% 

Strain, 'YO 

Excess Pore Pressure vs. Strain 

-4 ' 1 

Strain, % 

I :  



I 

Golder Associates, Inc. Title: 

Denver, Colorado CU TRZAXIAL SHEAR DATA 
STRESS PATH PLOT Job Short Title: 

ROCKY nATSlFIELD & LAB TESTING/CO 
Sample No. Reviewed: Date: Job Number: Figure: 

PF-1 TJS 7l29l2004 043-2246.0001 
r 

Stress Path Plot 

.m 

& 14 - 

2 

p'-q Plot 

-9 psi 

- Kf Envelope 
- 

I I 

-6 psi 

0 -*' 

0 2 4 6 8 10 12 14 16 18 20 
p', Mean Effective Stress in psi 

Stress Path Parameters 

w ' =  29.2 degrees 
a' = 0.0 psi 



Mohr Circle Diagram 
Effective Stress Parameters 

20 

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 
0 2 4 6 8 10 12 14 16 18 20 

Effective Normal Stress, psi 

Mohr-Coulomb Parameters 

$ ‘=  34.0 degrees 
c’=.  0.0 psi 

Golder Associates, Inc. Title: 

Denver, Colorado 
lob Short Title: 

CU TRIAXIAL S I I E A R  DATA 
MOHR CIRCLE DIAGRAM 

XOCKY FLATSlFIELD & LAB TESTINGICO 
iample No. Depth I Reviewed: ID ate: !Job Number: IFigure: 

PF-1 I 0 I TJS I 1/29/2004 1043-2246.0001 I 
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Consolidated Undrained Triaxial Lab Data 
From: COLDER ASSOCLA TES IN& 
Project: ROCKY FLATS/FJELD & LAB TESTING/CO 
Project Number: 043-2246.0001 

Sample Number 

Total Stress Analysis 
. .. ... Depth .. ... . . 

, . . .. 

(psi) si j 

2 I 11 I . 5  
3 15 I 5 

Notes: 

tan(w)= 0.2224 
a =  1.9214 

I$ = 12.9 degrees 
c =  2.0 psi 

6 

5 

- 4  L 

z3 

U - 
t 
5 a rn 
d 2  

1 

a 

Total Stress Analysis 
q vs. p-uo 

y=O.2224x+ 1.9214 

0 2 4 6 8 10 12 14 16 

pUo, Mean Total Stress in psi 

1. Failure is taken to corespond to the maximum deviator stress at an axial strain of 1%. 
This small strain failure criteria w& chosen due to the dilative nature of the material. 

Golder.As s Inc. 



0 Consolidated Undrained Triaxial Lab Data 
From: GOLDER ASSOCL4 TES INC 
Project: 
Project Number: 043-2246.0001 
Explination of Terminology 

ROCKY FLATS/FIELD & LAB TESTING/CO 

Mo hr-Coulom b Failure Criteria : 

T- = c‘+& tan 4’ 
= C + agtan 4 

Where: 
cy, c = effective and total cohesive intercept 
+’, 4 = efkctive and total friction angle 
zff = Shear Strength on the failure surface at failure 

c’q (36 = effective and total normal stress on the failure surface at failure 

Stress Path Space: 

c l  - 0 3  m+d3 0 1  -t 0 3  
4= 2 P’= 2 P= 2 

Where: 
q =  shearstress 
p’, p = mean effective and total stress 
0’1 , (JI = Effective and Total Axial Stress 

( 3 ’ 3 ,  ( 3 3  = Effective and Total Confining Stress 

Whae: 
a’, a = intercept of the q-axis in effective stress of total stress space 
w’, w = angle of the failure line in effective stress of total stress space 
p’ = mean effective stress 
pUo = mean total minus the initial pore pressure 

with the relationship between yj and @ and a and c are as hllows: 

a = c * cos(@) 

Printed on: 8lU2004 

. .  
b 

Golder Associates Inc. 



.: . . 
TRIAXIAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAINED WITH PORE PRESSURE 

ROJECT TITLE ROCKY FLATSFIELD AND LAB TESTINGKO INITIAL SAMPLE DATA CORRECTED SAMPLE DATA 
ROJECT NUMBER 043-2246400 I HEIGHT DRY DENSITY, calc (pcf) 
AMPLE ID PF-2 DIAMETER VOLUME OF SOLIDS 
AMPLE TYPE Bulk AREA VOLUME OF VOIDS 
IEPTH INTERVAL 
lACHME SPEED ( i lmin)  0 006 WEIGHT (8) 
TRAIN RATE (Ydmin) 0 IO 56 MOISTURE 
ELL PRESSURE (psi) 83 0 SPECIFIC GRAVITY WATER CONTENT (%MOISTURE) 
4MPLE PRESSURE (psi) 80 0 MOIST DENSITY (pcf) WT SOIL &TARE, MOIST (g) 
FF CONSOLIDATION 

114.4 
406 02 
191 68 El VOLUME VOID RATIO 

DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 

WT SOIL &TARE, DRY (9) 

432.0 VOLUME OF VOIDS 
Mounting M e t h d F ]  VOID RATIO 

SATURATION 

RESSURE, 0 3  (PO 
RESsm, 0 3  (psf) 
MAL "B" VALUE 

WT TARE (9) 
WT MOISTURE (9) 
WT DRY SOIL (8) 
% MOISTURE 0 (minutes) 

TIME 

0 0  
o s  
1 0  
I 5  
2 0  
2 s  

(MM) 

I7 3 
21 5 
26 7 
29 2 
34 8 
41 7 
Sl.7 
S8 3 
667 
75 0 
83 3 
91 7 
100.0 
108 3 
1167 
12s 0 
133 3 
141 7 
IS00 
IS83 
166 7 

~ 

AXIAL PORE P w p h g p  6 

LOAD PRESS. DU(psf) %STRAIN 

O.OO0 22 80. I 0.0 0.00 
0.003 32 80.6 72.0 0.05 
0.006 38 80.8 100.8 0.10 
0.009 43 81.0 129.6 0.15 
0.012 47 81.1 144.0 '0.20 
0.015 50 81.2 158.4 0.23 
0.025 60 81.3 172.8 0.42 

0.104 
0. I29 
0.160 
0. I75 
0.209 
0.250 
0310 

. 0.350 
' 0.400 

0.450 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1 .OOo 

74 
7s 
73 
75 
77 
79 
79 
80 
83 
85 
87 
90 
92 
94 
95 
99 
100 
102 
104 
I os 
107 

80.3 
80.2 
80.0 
80.0 
79.9 
79.8 
79.7 
79.7 
79.6 
79.5 
79.4 
79.3 
792 
79.2 
79.1 
79. I 
79.0 
78.9 
78.9 
78.8 
78.8 

28.8 
14.4 

-14.4, 
-14.4 
-28.8 
43.2 
-57.6 
-57.6 
-72.0 
-86.4 
-100.8 
-1132 
-129.6 
-129.6 
-144.0 
-144.0 
-158.4 
-172.8 
-172.8 
-1872 
-187.2 

1.74 
2.15 
2.67 
2.92 
3.49 
4.18 
5.18 
5.83 
6.68 . 
7.52 
835 
9.19 
10.02 
10.86 
11.69 
12.33 
13.36 
1420 
15.03 
15.87 
16.70 

6.10 
6.10 

1.00 6.10 
1 .00 6.10 
I .M) 6.11 

6.12 

0.98 6.20 
0.98 6.23 
0.97 6.26 
0.97 6.28 
0.97 6.31 
0.96 6.36 
0.95 6.42 
0.94 6.47 
0.93 6.53 
0.92 659 
0.92 6.65 
0.91 6.71 
0.90 6.77 
0.89 6.83 
0.88 6.90 
0.87 6.96 
0.87 7.03 
0.86 7.10 
0.85 7.17 
0.84 7.24 
0.83 . 731 

DEVlATO 

mRR. 
HEIGHT 

S.987 
5.984 
3.981 
5.978 
5.975 
5.972 
5.962 

(in) 

. 

5.883 
5.858 
5.827 
5.812 
S.778 
5.737 
3.677 
5.637 
5.587 
5.537 

5.437 
5.387 
5.337 
3287 
3237 

5.137 
5.087 
5.037 

3.487 

5.187 

4.987 

iC STRES! 

DEV. 
STRESS 

0.0 
2362 
377.8 
495.6 
589.7 
6602 
894.4 

1167.0 
1207.8 
1225.7 
12193 
1216.1 
1254 6 
1291.0 
1277.5 
1290.8 
1345.5 
1377.2 
1408.1 
1459.6 
1488.7 
1517.1 
1523.7 
1592.0 
1597.3 
1622.5 
1646.8 
1650.5 
1673.5 

0 

i'popz 

SIGMA I 
dcwtrccp 
h) 

432.0 
668.2 
809.8 
927.6 
1021.7 
1092.2 
1326.4 

1599.0 
1639.8 
1657.7 
16513 
1648.1 
1686.6 
1723 0 
1709.5 
1722.8 

18092 
1840.1 
1891.6 
1920.7 
1949.1 
1955.7 
2M4.0 
2029.3 
2054.5 
2078.8 
2082.5 
2103.5 

:;a13.33.q-;; 

177-13 

SIGMA I 
E n .  

432.0 
5962 
709.0 
798.0 
877.7 
933.8 
1153.6 

A%!?!L 

:!l4$57; 
1527.0 

.?I -, Z i 2 E . b  

1611.0 
16433 
1665.7 
1662.5 
1715.4 
1766.2 
1767.1 
1780.4 
1849.5 
1895.6 
1940.9 
2006.8 
20S0.3 
2078.7 
2099.7 
2168.0 
2187.7 
m 7 3  
2251.6 
2269.7 
2292.7 

SIGMA 3 
EFF. 

432.0 
360.0 
3312 
302.4 
288.0 
273.6 
U 9 2  

360.0 
403.2 
417.6 
446.4 
446 4 
460.8 
4752 
489.6 
489.6 
504.0 
518.4 
532.8 
5472 
561.6 
561.6 
576.0 
576.0 
590.4 
604.8 
604.8 
619.2 
6192 

PRINCLP 

0 

-,- -T--*- 

&02.4L*?; 

- 
-j RATIO, @ FAILURE 

EFF.PRN 
in RATIO 
(0111 017 

1 .00 
1.66 
2.14 
2.64 
3.05 
3.41 
4.45 

::5.:. ~~,.::-, _.-._A .:.'..$. .=::. ~~ .. 
. 4.24 

4.00 
3.94 
3.73 
3.72 
3.72 
3.72 
3.61 
3.64 
3.67 
3.66 
3.64 
3.67 
3.65 
3.70 
3.63 
3.76 
3.71 
3.68 
3.72 
3.67 
3.70 

'T,:'.".:--.*>nry". ::'."4:64 1::y 

I 

0 
432.0 
478.1 ' 
520.1 
550.2 
582.9 
603.7 
706.4 

943.5 
1007.1 ' 

1030.5 
1056.0 
1054.5 
1088.1 
1120.7 
1128.4 
Il33.0 
1 176.8 
1207.0 
1236.8 
1277.0 
1306.0 
1320.1 
1337.9 
1372.0 
1389.1 
1416.0 
1428.2 
14443 
1456.0 

::"I . ,./ -.,- ,,,/,. 
___  i$8p"::':i:;" . ,. ..'?J! s. 

1 

(Q) 
0.0 

118.1 
188.9 
247.8 
294.9 
330.1 
447.2 

L:'i .., ;;: .!.... :.,,,: i" 

583.5"'-& 
603.9 
612.9 
609.6 
608.1 
627.3 
64s.5 
638.8 
643.4 
672.8 
688.6 
704.0 
729.8 
744.4 
758.5 
761.9 
7%.0 
798.7 
811.2 
823.4 
8253 
836.8 

. ! y ~ j o p ~  

TECH DU 
@ FAILURE 1 1 2 9 . 6 0 1  @ FAILURE 

REVlE 

(A) 
0.00 
030 
0.27 
0.26 
0.24 ' 

0.24 
0.19 

d:!':!:!:;,,, .L !.+ji& 

0.06 
0.02 
0.01 
-0.01 
-0.01 
-0.02 
-0.03 
-0.05 
-0.04 
-0.05 
-0.06 
-0.07 
-0.08 
-0.09 
-0.09 
-0.09 
-0.09 
-0.10 
-0.11 
-0.10 
-0.1 I 
-0.1 I 

PWM/DA 
8RM4 

c.rrr.- .". - ni "<$$,O. l2@3$ 



^_... ... . .  ...... 

- TRIAXlAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAMED WITH PORE PRESSURE 

ROJECT TITLE ROCKY FLATWIELD AND LAB TESTINGKO MITIAL SAMPLE DATA CORRECTED SAMPLE DATA 
ROJECT NUMBER 043-2246-000 I HEIGHT DRY DENSITY, calc (pc9 
AMPLE ID P F - 2  DIAMETER VOLUME OF SOLIDS 
AMPLE TYPE Bulk AREA VOLUME OF VOIDS 
lE€TH INTERVAL VOLUME VOID RATIO 

TRAM RATE ("Amin) 0.10 %MOISTURE 

AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pc9 WT SOIL &TARE, MOIST (9) 
FF. CONSOLIDATION 
RESSURE, u3 (psi) 
msm, 0 3  (ps9 
MAL "B" VALUE 

1 15.0 
405.64 
188.76 El 0.465 

IACHME SPEED (idrnin) 0.006 wJ3GHT (9) 

ELL PRESSURE (psi) 86.0 SPECIFIC GRAVITY WATER CONTENT (Ye MOISTURE) 

1095.24 

WT SOIL &TARE, DRY (9) DRY DENSITY, calc (pcf) 
VOLUME O F  SOLIDS WT TARE (g) 

864.0 VOLUME OF VOIDS WT MOISTURE (9) 
Mounting M e t h o d W ]  VOID RATIO WT DRY SOIL (9) 

(minutes) 0.26 SATURATION %MOISTURE 

TIME 

0.0 
0 5  
0 8  
I 5  
2 0  
2 5  
4 2  
8.3 

m 

22.2 
25 0 
29 2 
33 3 
41.7 
50 0 
58.3 
667 
75 0 
847 
91 7 
100 0 
108 3 
1167 
125 0 
I33 3 
141 7 
I51 3 
158 3 
166 7 

ACCUM 
DEFLECT. 

(inch=) 
OOOO 
0 003 
0 005 
0009 
0012 
0015 
0 025 
0 050 
0 075 

0 133 
0 150 
0 175 
0 200 
0 250 
0 300 
0 350 
0 400 
0 450 
0 508 
0 550 
0600 
0 650 
0 700 
0 750 
0 800 
0 850 
0 908 
0 950 
loo0 

AXlAL 
LOAD 

I7 
40 
46 
52 
60 
62 
69 
73 
77 

79 
80 
80 
82 
84 
86 
89 
90 
92 
94 
95 
97 
100 
102 
104 
IO5 
I07 
110 
I10 
1 I4 

0 

PORE 
PRESS. 

80.6 
82.3 
82.6 
82.9 
83.2 
83.3 
83.4 
83.5 

WFJ 

............ 
83.5 
83.5 
83.3 
83.3 
83.2 
83 .O 
82.9 
82.9 
82.8 
82.7 
82.6 
82.5 

.82.5 
82.5 
82.4 
82.3 
82.3 
82.3 
82.2 
82.1 

PWP chwgc 

DU (psf) 

0 
0.0 

244.8 
288.0 
331.2 
374.4 
388 8 
403.2 
417.6 

417.6 
417.6 
388.8 
388.8 
374.4 
345.6 
3312 
331.2 
316.8 
302.4 
288.0 
273.6 
273.6 
273.6 
259.2 
244.8 
244 8 
244 8 
230 4 
2 16.0 

8 

x S W  

0.00 
0.05 
0.08 
0.15 
020 
0.23 
0.42 
0.84 
1.26 

2.23 
2.51 
2.93 
3.35 
4.18 
5.02 
5.86 
6.69 
7.53 
8.50 
9.21 
10.04 
10.88 
11.72 
12.55 
1339 
14.23 
15.20 
15.90 
16.74 

A 
(1-6) 

I .00 
I .oo 
1 .00 
I .oo 
1 .oo 
1 .oo 
1 .oo 
0.99 
0.99 

0.98 
0.97 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 
0 91 
0.91 
0.90 
0.89 
0.88 
0.87 
0.87 
086 
0 85 
0.84 
0 83 

CORR. 
AREA 
(in 2) 
6.07 
6.07 
6.08 
6.08 
6.08 
609 
6.10 
6.12 
6.15 

6.21 
6.23 
6 25 
628 
6.34 
6.39 
6.45 
6.5 I 
6.57 
6 63 
6.69 
6.75 
6 81 
6.88 
6.94 
7.01 
7.08 
7 16 
7 22 
7 29 

corn 
HEIGHT 

5.975 
5.972 ' 

5.970 
5.966 
5.963 
5.960 
5.950 
5.925 

(in) 

............... 
5.842 
5.825 
5.800 
5.775 
5.725 
5.675 
5.625 
5.575 
5.525 
5.467 
5.425 
5.375 
5.325 
5.275 
5.225 
5.175 
5.125 
5.067 
5.025 
4.975 

DEV 
STRESS 

@st) 
0 0  

545 3 
687.3 
829 0 
I017 9 
1064.7 
1228.3 
13172 
1405 3 

I437 9 
1456.9 
1450 6 
1490.2 
1522 8 
IS54 5 
1607.8 
1615.7 
1645.0 
1671 2 
I6799 
1707 1 
17546 
17800 
1804 6 
1807 9 
1831 1 
1870 7 
1855 2 
1915 8 

SlGMA 1 
devstrctp 

(01) 

864.0 
14093 
15513 
1693.0 
1881.9 
1928.7 
20923 
2181.2 
2269.3 

2301.9 
2320.9 
2314 6 
23542 
2386.8 
2418 5 
2471.8 
2479.7 
2509 0 
25352 
2543.9 
2571.1 
2618.6 
2644.0 
2668.6 
2671.9 
2695.1 
2734 7 
2719.2 
2779 8 

SIGMA 1 
EFF. 

864.0 
1164.5 
12633 
1361.8 
1507.5 
1539.9 
1689.1 
1763.6 
1851.7 

1884.3 
I9033 
1925.8 
1%5.4 
2012.4 
2072.9 
2140.6 
2148.5 
21922 
2232.8 
2255.9 
2297.5 
2345.0 
2370.4 
2409.4 
2427.1 
24503 
2489 9 
2488 8 
2563 8 

0 

SIGMA 3 
EFF. 

864.0 
619.2 
576.0 
532.8 
489.6 
475.2 
460.8 
446.4 

A ? S L  

446 4 
446.4 
475.2 
475.2 
489.6 
518.4 
532.8 
532.8 
547.2 
561.6 
576.0 
590.4 
590.4 
590 4 
6048 
619 2 
619 2 
619.2 
633 6 
648 0 

EFF PRN 
STR RATIO 

(W 0 3 9  

1 .00 
1 88 
2 19 
2 56 
3 08 
3 24 
3.67 
3.95 
4 I5 

4.22 
4.26 
4 05 
4.14 
4.11 
400 
4.02 
4.03 
4.01 
3.98 
3.92 
3 89 
3 97 
4 01 
3.98 
392 
3 96 
4 02 
3 93 
3 96 

I I I I I I I I I I 

DEVlATORIC STRESS EFFECTIVE PRINCIPLE STRESS 
@ FAILURE @ FAJLURE -1 RATIO @ FAILURE 14.241 

la,'tol7 

(P) 

2 

864.0 
891 8 
919.7 
947.3 
998.6 
1007 6 
1074.9 
1105.0 

1174 8 
1200 5 
1220 3 
1251 0 
1295 7 
1336.7 
I340 6 
1369 7 
1397.2 
1415 9 
1443.9 
1467 7 
1480 4 
1507.1 
1523.1 
1534 8 
15546 
15612 
1605 9 

CHECKED 1- 
RFVlFWFn 



. .. . . .  . . .. . .. . t . .... . 

TRIAXIAL COMPRESSION I" (Asmr D 4767) CONSOLIDATED UNDRAMED WlTH PORE PRESSURE 

IOJECT TITLE ROCKY FLATSFIELD AND LAB TESTMG/CO INITIAL SAMPLE DATA CORRECTED SAMPLE DATA 
IOJECT NUMBER 043-2246400 I HEIGHT DRY DENSITY, calc (pc9 115.2 

410.61 
189.99 

4MPLE ID P F - 3  DIAMETER VOLUME OF SOLIDS 
W L E  TYPE Bulk AREA VOLUME OF VOIDS 
EPTy MTERVAL VOLUME VOID RATIO 

rRAM RATE (Y'min) 0 IO % MOISTURE 
ELL PRESSURE (psi) 83 0 SPECIFIC GRAVITY WATER CONTENT ("7 MOISTURE) 
W L E  PRESSURE (psi) 80 0 MOIST DENSITY (pc9 WT SOIL &TARE, MOIST (g) 
'F CONSOLIDATION 
WiSURE, 0 J (PSI) 

EXxJRE, UJ (ps9 
NAL "B" VALUE 

E3 
ACHME SPEED (idmin) 0 006 WEmHT (g) 

1289 18 
I108 66 DRY DENSITY. calc (pc9 

VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 

WT SOIL & TARE, DRY (g) 

Mounting Method-1 VOID RATIO 
,(minutes) 10.28) 

DEFLECT. 
(inches) 

I .o 0.006 
1 .5 0.009 
2.0 0.012 

8.3 
12.5 
16.7 
20.8 
25.0 
29.2 
33.3 
41.7 
50.0 
58.3 
66.7 
75.0 
83.3 
91.7 
100.0 
108.3 
116.7 
125.0 
133.3 
141.7 
150.0 
158.3 
166.7 

0.050 
0.075 
0.100 
0.125 
0.150 
0.175 
0.200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
I .Ooo 

I 

AxlAL 
LOAD 

18 ' 

33 
43 
48 
52 

?;,if,,:: :.., .!%i;il$&,l 
54 
53 
52 
50 
48 
48 
48 
47 
47 
48 
48 
48 
48 
50 
50 
52 
53 
53 
55 
58 
58 
60 
62 
64 

(W 

!:#:jl?$ ....,.. :,. jl~?!!2Wi:l\i 

PORE 
PRESS. 

79.9 
80.6 
80.9 
81.0 
81.1 

~ ~ ~ ~ ~ ~ ~ l ~ ~ ! i ~ ~ ~ l i ! ! ~ !  ."... , . 1% ..>, 3 8 %  
:";i<!< :,. ., !Iliil!l!!!iii/li 

81.1 
81.2 
81.3 
81.4 
81.5 

81.6 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.7 
81.6 
81.6 
81.6 
81.5 
81.5 

W)=V 

81.6 

'WP chwgs 
DU (pt) 

0 
0.0 

100.8 
144.0 
158.4 
172.8 

lil,,i,i: ..,.. :: ',.. i,"db,., 
172.8 

201.6 
216.0 
230.4 
244.8 
244.8 
2592 
2593 
259.2 
259.2 
2592 
2592 
259.2 
259.2 
259.2 
259.2 
259.2 
259.2 
244.8 
244.8 
244.8 
230.4 
230.4 

i;il!J 72'UR; 

187.2 

6 

%STRAM 

0.00 
0.05 
0.10 
0.15 
020 

~$~~~;iJ-2$/~J 
0.42 
0.83 
I 2 5  
1.66 
2.08 
2.49 
2.91 
333 
4.16 
4.99 
5.82 
6 65 
7.48 
8.31 
9 15 
9.98 
10.81 
11.64 
12.47 
13.30 
14.13 
14.97 
15.80 
16.63 

2 5 L  
( 1 4  

1 .00 
1 .00 
1 .OO 
I .00 
1.00 ' 

1 .00 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
0.93 
0.92 
0.91 
0.90 
0.89 
0.88 
0.88 

. 0.86 
0.85 
0.84 
0.83 

8. ~ ~ ~ 1 . ~ ~ ~ ~ ~  

0.87 

CORR CORR 
AREA HElGHC 
(in 2) I ( 01) 
6.09 I 6.014 I 0.0 I 432.0 
6.10 6.01 I 354.3 7863 

' 6.10 1 6.008 I 590.1 I 1022.1 
6.10 6.005 707.8 1139.8 

6.15 
6.17 
6.20 
6.22 
6.25 
638 
6.30 
6.36 
6.41 
6.47 

' 6.53 
6.59 
6.65 
6.71 
6.77 
6.83 
6.90 
6.% 
7.03 
7.10 
7.17 
1.24 
7.31 

5.964 
5.939 
5.914 
5.889 
5.864 
5.839 
5.814 
5.764 
5.714 
5.664 
5.614 
5,564 
5.514 
5.464 
5.414 
5364 
5.314 
5.264 
5.214 
5.164 
5.114 
5.064 
5.014 

820.1 1252.1 , 

793.3 1225.3 
743.5 1175.5 
694.1 1126.1 
691 2 I I232 
6882 1120.2 
662.4 1094.4 
656.7 1088.7 
673.5 1105.5 
667.6 1099.6 
661.7 1093.7 
655.8 1087.8 
6932 I1252 
687.0 I 1  19.0 
723.2 I155.2 
737.6 1169.6 
730.7 ' 1162.7 
7652 11972 
819.4 1251.4 
811.6 1243.6 
843.9 1275.9 
875.4 1307.4 
906.2 13382 

SIGMA I 
EFF. 

432.0 
685.5 

981.4 
1061.0 

x:,"+:,.,: ,.,..$$fli 
11063 
1064.9 
1023.7 
959.5 
895.7 
878A 

835.2 
829.5 
8463 
840.4 
834.5 
828.6 
866.0 
859.8 
896.0 
910.4 
m3.5 
938.0 
1006.6 
998.8 
1031.1 
1077.0 
1107.8 

E F F E C I I l  

A?&L 

m8.1 

?;,; l:fJppiy! 

875.4 

- 

SIGMA3 
EFF. 

432.0 
331.2 
288.0 
273.6 
2592 

&& ,,,,,,. 4:"<&:g 
259.2 
244.8 
230.4 
216.0 
201.6 
1872 
1872 
172.8 
172.8 
172.8 
172.8 

172.8 
172.8 
172.8 
172.8 
172.8 
172.8 
172.8 

1872 

201.6 
201.6 

PRINCIP 

A?d!L 

@qppp!q+! 

in.8 

187.2 

I 87.2 

I I I 

)EVIATORIC STRESS 
@FAILURE a-1 RATIO @ FAILURE 

WT TARE (9) 
WT MOISTURE (g) 

WT DRY SOIL (g) 
% MOISTURE 

EFF.PRN 
jlR RATlO 

1 .oo 
2.07 
3.05 
3.59 
4.09 

4.27 
435 
4.44 
4.44 
4.44 
4.69 
4.68 
.4.83 
4.80 
4.90 
4.86 
4.83 
4.80 
5.01 
4.98 
5.19 
5.27 
5.23 
5.43 
5.38 
5.34 
5.51 
5.34 
5.49 

(a{/ a,? 

g$4;3@yj 
lI!,?=+L!..:, ,2:3.CAk.~ 

E STRESS 
4.36 I 

1 

0 
432.0 
5083 
583.1 
627.5 
660.1 

682.7 
654.9, 
627.1 
587.8 
548.7 
532.8 
5313 
504.0 
5012 
509.5 
506.6 
w3.7 
500.7 
519.4 
516.3 

54 I .6 
538.2 
555.4 
596.9 
593.0 
609. I 
639.3 
654.7 

i'"g695:23;L< 
:lrdj<... ,P. I!i, c!a,p 

534.4 

177.1 
295.1 
353.9 
400.9 0.22 

410.1 
396.7 
371.8 
347.1 
345.6 
344.1 
33 1.2 
328.4 . 
336.7 
333.8 
330.9 
327.9 
346.6 
343.5 
361.6 
368.8 
365.4 
382.6 
409.7 
405.8 
421.9 
437.7 
453.1 

0.23 
0.25 
0.29 
0.33, 
0.35 
036 
0.39 
0.39 
0.38 
0.39 
0.39 
0.40 
0.37 
0.38 
0.36 
0.35 
0.35 
0.34 
0.30 
030 
0.29 
0.26 
0.25 

1 

TECH] PWMlSDM 



... .. .. e 
TRIAXIAL COMPRESSION TEST (ASI'M D 4767) CONSOLIDATED UNDRAMED WITH PORE PRESSURE 

ROJECT TITLE ROCKY FLATSRIELD AND LAB TESTING/CO INITIAL SAMPLE DATA CORRECTED SAMPLE DATA 
ROJECT NUMBER 043-2246-000 1 HEIGHT 
AMPLE ID P F - 2  DIAMETER 
AMPLE TYPE Bulk AREA VOLUME OF VOIDS 
IEPTH MTERVAL VOLUME 

TRAIN RATE (Ydmin) 0.10 % MOISTURE 
:ELL PRESSURE (psi) 89.0 SPECIFIC GRAVITY 
AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pc9 
.FF. CONSOLIDATION DRY DENSITY, calc (pcf) 

VOLUME OF'SOLIDS 'RESSURE, 03 (psi) 

MAL "B" VALUE 

DRY DENSITY, &IC (pc9 
VOLUME OF SOLIDS 

VOID RATIO 
MCHME SPEED (idmin) . 0.006 WEWIT (g) 

1296.0 VOLUME OF VOIDS 
Mounting M e t h o d I W e t 1  VOID.RATI0 

SATURATION 

'RESsm, u1 (pf) 

(minutes) 

TIME 

00 
05 
10 
13 
20 
25 
3 5  
77 
I 1  7 
15.2 
20 3 
24.3 

32.7 
36 2 
45.3 
53.5 
62 0 
70 5 
78 2 
87 0 
95 3 
103.8 
112.2 
120 0 
129 0 
137 0 
145 8 
154 0 
166 7 

(MM) 

ACCUM 
DEFLECT. 

(Inches) 
OOOO 
0 003 
0006 
0 008 
0012 
0015 
0 021 
0 046 
0 070 
0 091 
0 122 
0 146 

0 196 
0 217 
0.272 
0 321 
0 372 
0 423 
0 469 
0 522 
0 572 
0 623 
0 673 
0 720 
0 774 
0 822 
0 875 
0 924 
1OOO 

AXIAL 
LOAD 

13 
31 
43 
52 
59 
64 
70 
80 
81 
82 
83 
83 

85 
86 
88 

93 
94 
96 
99 
101 
103 
IO5 
107 
110 
1 1 1  
114 
116 
I I9 

(W 

90 

)U 

ma 

(PSiPU 
PRESS. 

81 2 
82 3 
83 0 
83 5 
83 9 
841 
845 
85 4 
85 9 
86 2 
863 
86 3 

862 
86 2 
861 
860 
85 9 
85 8 
85 7 
85 7 
85 6 
85.6 
85 5 
85 4 
85 4 
85 3 
85 2 
85 I 
85 0 

'WP ehwgc 

DU ( P 4  
0 

0.0 
158.4 
259.2 
33 I .2 
388.8 
417.6 
475.2 
604.8 
,676.8 
720.0 
734.4 
734.4 

720.0 
720.0 
705,6 
691.2 
676.8 
662.4 
648.0 
648.0 
633.6 
633.6 
619.2 
604.8 
604.8 

576.0 
561.6 
547.2 

590.4 

@ FAILURE -1 

6 

%STRAM 

000 
0 05 
0 10 
0 13 
0.20 
025 
0.35 

1.17 
1.52 
2.04 
2.44 

328 
3.63 
4.55 
5.37 
6.22 
7.08 
7.85 
8.73 
9.57 
10.43 
1126 
12.05 
12.95 
13.76 
I4 64 
I 5.46 
16.73 

(%) 

o.n 

(1-6) 

I .oo 
100 
100 
100 
100 
I .oo 
100 
099 
0.99 
0.98 
0.98 
0.98 

0.97 
0.96 
0.95 
0.95 
0 94 
0.93 
0.92 
0.91 
0.90 
0.90 
0 89 
0.88 
0.87 
0 86 
0 85 
0 85 
0.83 

CORR. 
AREA 
(in 2) 
6.05 
6.05 
6 05 
6 05 
6.06 
6.06 
6 07 
609 
6.12 
6.14 
6.17 
6.20 

6.25 
6.27 
6.33 
6.39 
6.45 
6.51 
6.56 
6 62 
6 69 
6 75 
6 81 
6.87 
6.95 
7.01 
7.08 
7.15 
7.26 

iiiizE6 
@ FAILURE 

CQRR. 
HEIGHT 

5.976 
5.973 
5 970 
5 %8 
5.964 
5.961 
5 955 
5.930 
5.906 
5.885 
5.854 
5 830 

5.780 
5.759 
5.704 
5 655 
5.604 
5 553 
5.507 
5 454 
5 404 
5353 
5.303 
5.256 
5.202 
5.154 
5 101 
5.052 
4.976 

C STRESI 

(in) 

DEV 
STRESS 

00 
433 2 
723.3 
925.2 
1081.5 
1199.7 
1348.0 
1571.6 
1591.1 
16066 
1621.4 
1628.7 

- 1637.9 
1653.9 
16663 
1709 5 
1733.1 
1777.8 
1801.4 
1821.6 
18606 
1884.5 
19243 
1952.8 
1966.9 
2006.8 
2015.0 
2053.2 
2079.8 
2102 1 

(psf) 

SIGMA 1 
devstr+cp 
0 
1296.0 
1729.2 
2019.3 
2221 2 
2377.5 
2495.7 
2644 0 
2867.6 
2887.1 
2902.6 
2917.4 
2924.7 

- -2933SA$, __ 
2949.9 
2962.3 
3005.5 
3029.1 
3073.8 
3097.4 
3117.6 
3156.6 
3180.5 
3220.3 
3248.8 
3262.9 
3302.8 
3311.0 
33492 
3375.8 
3398.1 

SIGMA 1 
EFF. 

1296.0 
1570.8 
1760.1 

1988.7 
2078.1 

2262.8 
2210.3 
2182.6 
2183.0 

Pl-mr) 

1890.0 

2168.8 

2190.3 
? i1?3.5= 2 

2229.9 
22423 
2299.9 
2337.9 
2397.0 
2435.0 
2469.6 
2508.6 
2546.9 
2586.7 
2629.6 
2658.1 
2698.0 
2720.6 
27732 
2814.2 
2850.9 

WATER CONTENT (% MOISTURE) 
WT SOIL &TARE, MOIST (g) 
WT SOIL &TARE, DRY (g) 

1093.83 

SIGMA 3 
EFF. 

1296.0 
1137.6 
1036.8 
964.8 
907.2 

820 8 
6912 
619 2 
576.0 
561.6 
56 1.6 

576.0 
576.0 

604.8 
6192 
633.6 
648.0 
648.0 
662.4 
662.4 
676.8 
691.2 
691.2 
705.6 
720.0 
734.4 
748.8 

J%!!L 

878.4 

7:. 56J;4 :; 

590.4 

:FFECllVE PRINCLP 1637.91 RATIO @ FAILURE 

WT TARE (9) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
% MOISTURE 

EFFPRN 
STR RATIO 

1 .oo 
1 38 
1 70 
1.96 
2.19 
2.37 
2.64 
3.27 
3.57 
3.79 
3.89 

( ~ 1 ~  a,? 

3.90 

3 87 
3.89 
3.90 
3.87 
3.87 
3.84 
3.81 
3.87 
3.84 
3.91 
3.89 
3.85 

3 86 
3.85 
3.83 
3.81 

3.90 

(a,'+a,7 

(P) 

1 

1296.0 
1354 2 
1398 4 
1427 4 
1447 9 
1478.3 
1494 8 
1477.0 
1414 8 
1379.3 
1372.3 
1376.0 

*+1380.6 ~ 

1403.0 
1409.1 
1445.1 
1471.3 
1508 1 
1534.3 
1558.8 
1578.3 
16046 
1624.5 
1653.2 
1674.7 
1694.6 
1713.1 
1746 6 
1774.3 
1799.8 

1 

(Q) 
00 
216 6 
361 6 
462 6 
540 7 
599 9 
674 0 
785.8 
795 6 
803 3 
810.7 
814 4 

827 0 
833.1 
854 7 
866.5 
888 9 
900.7 
910 8 
930 3 
942 2 
962.1 
976 4 
983.5 
1003 4 
1007.5 
IO26 6 
1039.9 
1051.0 

TECH 
DATE 

CHECKED 

(A) 
0 

0.37 
0 36 
0 36 
0.36 
0.35 
0.35 
0 38 
0 43 
0.45 
0.45 

0.44 
0 43 
041 
0 40 
0 38 
0.37 
0.36 
0 35 
0 34 
0 33 
0.32 
0 31 
0 30 
0 29 
0 28 
0.27 
0.26 

PWWDA 
8DR004 



WGUST 2004 043-2246401 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 

a ASTM D 4767 

PROJECT NAME: 

SAMPLE ID: ’ PF-2 DEPTH: SampleType: Bull< 

ROCKY FLATS/FIELD AND LAB TESTD’GKO 
PROJECT NUMBER 043-2246-0001 

STRESS-STRAIN CURVE 

0 1 4 6 . 8  10 12 14 16 18 2o 

Yo STRAIN 

I STRESS RATIO-STRAIN CURVES 

0 2 4 6 0 10 12 14. 16 18 2o 

% STRAZN 

2 864 ’ 113.6 13.9 
3 12% 113.5 14.0 

Average 113.6 13.9 

SOP Description 
I lBrown, COARSE To FINE SAND. SUM fine 

0 2 4 6 8 10 12 14 16 18 

% STRAIN 

USCS 

LL PL PI 
I I I I 

IW Dry Density, @ Opt. Moisture Content +2%. 

Failure based on effective stms ratio 
or 15% strain. 

I 
REVIEW c-F 

Golder Associates lnc. 



I 

a 

2 
3 

JJGUST 2004 043-22464001 

864 113.6 13.9 
1296 113.5 14.0 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRALNED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT N M :  

SAMPLE ID: P F - 2  DEPTH: SampleType: Bulk 

ROCKY FLATWIELD AND LAB TESTINGKO 
PROJECT NUMBER 043-2246-0001 

4aJo 

3000 

2 Y 

H . h m  
B 
I 

8 
5 

1000 

0 

STRESS PATH 

=OJlIZX+ 117.58 7 
y = 0 2 3 8 ~  + 325. f 

STRESS PATH MOHR CIRCLES 

13.4 O I 0 13.8 I - - - - I a 

30.7 * - - 
E 136.8 psf 

27.1 0' a' - 
a '  - - 117.6 psf C '  

- 

MOHR STRESS CIRCLES 

y = OJ948x + 136.31 

mAL 

y = 0 2 4 5 ~  + 335.4; 
, 

0 m 3000 m 5Ooo 

NORMAL STRESS ( p s f )  

2 0.10 77.6 96.9 
3 0.10 78.0 972 

Soil Description 

gravel 90M silly clay. 

rscs 

LL PL PI 
I - 1 ' -  I - I 
Comments 
Sample was m l d e d  to approx 95% of the 
Max Dry Density, @ Opt MoisMc Content +%. 

Failure bawd on effective stress ratio 
or 15% strain. 

CHECK 
REVIEW 

Golder Associates Inc. 
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TRlAXIAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAINED WlTH PORE PRESSURE 

ROJECT TITLE I ROCKY FLATSFIELD AND LAB TESTlNGlCO INITIAL SAMPLE DATA an in CQmded CORRECTED SAMPLE DATA 
HEIGHT 
DIAMETER 
AREA 
VOLUME 
WEKiHT (SI 
Yo MOISTURE 
SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 

DRY DENSITY, calc ( p c f )  
VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

ROJECT NUMBER 043-2246600 I 
AMPLE ID PF-3 
AMPLE TYPE Bulk 
IEPTH INTERVAL 
lACHME SPEED (idmh) 0.006 

'ELL PRESSURE (psi) 86.0 
AMPLE PRESSURE (psi) 80.0 
FF. CONSOLIDATION 
RESSURE, u3 (psi) I 6.0 1 

TRAIN RATE (Ydmin) 0.10 
WATER CONTENT (%MOISTURE) 
WT SOIL &TARE, MOIST (g) 
WT SOIL &TARE, DRY (9) 

WT TARE (g) 
WT MOISTURE (9) 

WT DRY SOIL (9) 
Yo MOISTURE 

1105.93 

- ._ , 
VOLUME OF VOIDS 

SATURATION 
Mounting M e t h o d l T I  VOID RATIO 

=SURE, 0 3  (PSf) 

MAL "B" VALUE 
(minutes) 

w change 

DU 0 
(act) 
0.0 

201.6 
273.6 
302.4 
345.6 
360 0 
403.2 
460.8 
518.4 
561.6 

604.8 
619.2 
619 2 
633.6 
633 6 
633 6 
633.6 
633.6 
619.2 
619.2 
6048 
590 4 
590 4 
576 0 
561 6 
561 6 
547 2 
532.8 
532 8 

cola 
AREA 
(in 2) 
6.07 
6.07 
6.08 
6.08 
6 08 
6.09 
6.10 
6.12 
6.15 
6.17 

6.23 
6.25 
6.28 
6.34 
6.39 
6.45 
6.51 
6.56 
6 62 
6.69 
6 75 
6.81 
6.88 
6.94 
7.01 
7.08 
7.15 
7.22 
7.29 

IEVIATO 

DEV. 
STRESS 

0.0 
545.2 
734.5 
828 8 
970.4 
1064.5 
1180.8 
1128.9 
1053.9 
956.1 

878.6 
874.9 
871.1 
863.6 
856 I 
915.6 
9074 
943.2 
978.2 
10123 
1024.4 
1057.2 
1047.3 
1099.6 
1089.1 
I I193 
1148.8 
1157.4 
1185.5 

(psf) 

SIGMA 1 
devstr+cp 

(VI) 
864.0 
1409.2 
1598.5 
1692.8 
1834.4 
1928.5 
2044.8 
1992.9 
1917.9 
1820.1 
1816.i-2% 
1742.6 
1738.9 
1735.1 
1727.6 
1720.1 
I779 6 
1771.4 
1807.2 
1842.2 
1876.3 
1888.4 
1921.2 
1911.3 
1963.6 
1953.1 
1983 3 
2012.8 
2021.4 
2049 5 

ACCUM. 
DEFLECT. 

(inches) 
OOOO 
0 003 
0006 
0009 
0.012 
0 015 
0.025 
0 050 
0 075 
0 100 

0 I50 
0 175 
0 200 
0 250 
0 300 
0 350 
0 400 
0 450 
0 500 
0 550 
0600 
0.650 
0 700 
0 750 
0 800 
0 850 
0900 
0 950 
1OOO 

CORR 
HEIGHT 

(in) 
5.992 
5.989 
5.986 
5.983 
5.980 
5.977 
5.967 
5.942 
5.917 
5.892 

5 842 
5.817 
5.792 
5.742 
5.692 
5 642 
5.592 
5.542 
5.492 
5.442 
5.392 , 
5.342 
5.292 
5.242 
5.192 
5.142 
5.092 
5.042 
4992 

c STRES 

SIGMA 1 
EFF. 

SIGMA 3 
EFF. 

864.0 
662.4 
590.4 
561 6 
518.4 
504 0 
460.8 
4032 
345.6 

Ai!L 

2592 
244.8 
244.8 
230.4 
230.4 
230.4 
230.4 
230.4 
244.8 
244.8 
259.2 
273.6 
273.6 
288.0 
302.4 
302.4 
316.8 
331.2 

I 331 2 

PRINCE 

EFF.PRN 
3TR RATIO 

100 
182 
2.24 
2 48 

3.11 
3.56 
3.80 
4.05 
4.16 

4.39 
4.57 
4.56 
4.75 
4.72 
497 
4.94 
5.09 
500 
5.14 
4 95 
4 86 
4 83 
4.82 
4.60 
4.70 
4.63 
4.49 
4 58 

(a;/ 037 

287 

b 

SC STRAM 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0 42 
0 83 
125 
1.67 

2.50 
292 
334 
4.17 
5.01 
5.84 
668 
7.51 
8 34 
9.18 
10.01 
10.85 
11 68 
12.52 
1335 
14 19 
15.02 
15.85 
16.69 

A 
( 1 9  

1 .00 
1 .oo 
1 .00 
1 .00 
I .00 
I .00 
I .00 
099 
0.99 
0.98 

0.97 
0.97 
0 97 
O.% 
0.95 
0.94 
0.93 
0.92 
0.92 
0.9 I 
0.90 
0.89 
0.88 
0 87 
0.87 
086 
0.85 
0.84 
0.83 

TIME 

0 0  
0 5  
1 .o 
1.5 
2.0 
2 5  
4 2  
8.3 
12.5 
16.7 

25.0 
292 
33 3 
41.7 
50 0 
58.3 
667 
75 0 
83 3 
91.7 
100 0 
108 3 
116.7 
125.0 
I33 3 
141 7 
150.0 
I58 3 
166.7 

0 0 
864.0 

0 
000 
0 37 
0 37 
0 36 
0 36 
0 34 
0 34 
041 
0.49 
0 59 

0 69 
0 71 
0 71 
0 73 
0 74 
0.69 
0 70 
0 67 
0 63 
0 61 
0 59 
0 56 
0 56 
0 52 
0.52 
0 50 

0.48 
0.46 
0 45 

PWWSDM 
7R812004 

1207.6 
1324.9 
1390.4 
1488.8 
1568.5 
1641.6 
1532.1 
1399.5 
1258.5 

I 1225.7 * 

1137.8 
55 
55 
55 
55 
58 
58 
60 
62 
64 
65 
67 
67 
70 
70 
72 
74 
75 
77 

11 19.7 
1115.9 
1094.0 
1086.5 
1146.0 
1137.8 
1173.6 
1223.0 
1257.1 
1283.6 
1330.8 
1320.9 
1387.6 
1391.5 
1421.7 
1465.6 
1488.6 
1516.7 

84.8 
84.8 
84.9 
84.9 
84.9 
84.9 
84.9 
84.8 
84.8 
84.7 
84.6 
84.6 
84.5 
84.4 
84.4 
84.3 
84.2 
842 

DU TECH 
DATE 

CHECKED 

E STRESS 
4.481 

~- 

Q FAILURE 1590.41 952.11 RATIO Q FAILURE Q FAILURE 
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TRIAXIAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAMED WITH PORE PRESSURE - 
lOJECT TITLE ROCKY FLATSFIELD AND LAB TESTINGKO MmAL SAMPLE DATA CORRECTED SAMPLE DATA 
LOJECT NUMBER 043-2246400 I HEIGHT DRY DENSITY, calc (pcf) 
W L E  ID PF-3 DIAMETER VOLUME OF SOLIDS 
W L E  TYPE Bulk AREA VOLUME OF VOIDS 
EFTH INTERVAL VOLUME VOID RATIO 

rRAIN RATE (Ydmin) 0.10 % MOISTURE 
5LL PRESSURE (psi) 89 0 SPECIFIC GRAVITY WATER CONTENT ("h MOISTURE) 
W L E  PRESSURE (psi) 80.0 MOIST DENSITY (pc9 WT SOIL &TARE, MOIST (g) 
:F. CONSOLIDATION 
=SURE, q (psi) 
essuRE, 0 3  (ps9 
NAL "B" VALUE 
, (minutes) 

117.6 
411.10 
178.00 E3 

ACHINE SPEED (idmin) 0.006 WEmHT (3 

1286.74 
1109.98 

1296.0 VOLUME OF VOIDS 176.76 

DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 

WT SOIL &TARE, DRY (9) 

Mounting Method-1 VOID RATIO 
SATURATION 

20.8 
25.0 
29.2 
333 
41.7 
50.0 
58.3 
66.7 
75.0 
83.3 
95.8 
100.0 
108.3 
116.7 
125.0 
133.3 
141.7 
150.0 
158.3 
169.2 

0.125 
0.150 
0.175 
0200 
0.250 
0.300 
0.350 
0.400 
0.450 
0.500 
0.575 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
1.015 

AXIAL 
WAD 

20 
38 
56 
58 
63 
69 
80 
92 

90 
89 
89 
89 
89 
90 
90 
92 
94 
95 
97 
100 
102 
104 
I05 
107 
110 
1 I2 
1 I4 
I I5 
I I7 

(Ibs) 

I 92 ' / /  ' 

)U 

FORE 
PRESS. 

80.9 
82. I 
83.5 
83.6 
83.9 
84.3 
84.7 
85.1 

:;;;;i85'j.p I I 
..5.. . ,. :$.K 

85.4 
85.6 
85.7 
85.8, 
85.8 
85.8 
85.8 
85.9 
85.8 
85.8 
85.7 
85.6 
85.6 
85.5 
85.5 
85.4 

,853 
85.2 
85.1 
85.0 
84.9 

W)=v 

,:!!,:!!:. ... ::/. ,.: .... ..,. ,! 

'WP h g e  

DU (P9 
0 

0.0 
172.8 
374.4 
388.8 
432.0 
489.6 
547.2 
604.8 

648.0 
676.8 
691.2 
705.6 
705.6 
705.6 

' 705.6 
720.0 
705.6 
705.6 
691.2 
676.8 
676.8 
662.4 
662.4 
648.0 
633.6 
6192 
604.8 
590.4 
576.0 

)$;,633,6;,:1:';; ..,.. ./ .  . .. :,,: :::>/:/$*.!.. 

8 

K STRAM. 

0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.42 
0.84 

I .68 
2.10 
2.52 
2.94 
3.36 
4.20 
5.04 
5.88 
6.72 
7.56 
8.40 
9.67 
10.09 
10.93 
11.77 
12.61 
13.45 
1429 
15.13 
15.97 
17.06 

0 

;;y$4&j;;fi;,i 
,:/j /,//. .... -.,:::::,$,#$.:!. 

(1-6) 

1 .oo 
I .00 
1 .00 
1 .OO 
I .00 
I .00 
100 
0.99 

0.98 
0.98 
0.97 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.90 
0.90 
0.89 
0.88 
0.87 
0.87 
086 
0.85 
0.84 
0.83 

';,,>0.9!i :, 

BEVIATORIC SiaESl 

@IFArLURE a 

DBV. 
STRESS 
0 
0.0 

. 428.7 
857.0 
904.2 
1022.6 
1164.7 
1423.8 
17013 

-!,;:yl&94, ../ .. ?L;... ,,;. .., 
mc:::, .. . ..... -,=. ,, - ./!i/'.' 

1640.0 
1609.7 
1602.8 
1595.9 
1589.0 
1598.0 
1584.0 
1614.8 
1644.8 
1652.0 
1680.7 
1722.1 
1757.0 
1783.0 
17872 
1811.8 
1856.3 
1879. I 
1901.1 
1902.3 
1917.1 

- 
SIGMA I 
devstrtcp 

(01) 
1296.0 
1724.7 
2153.0 
22002 
23 18.6 
2460.7 
2719 8 
29973 

2936.0 
2905.7 
2898.8 
2891.9 
2885 0 
2894.0 
2880.0 
2910.8 
2940.8 
2948.0 
2976.7 
3018 I 
3053.0 
3079 0 
3083.2 
3107.8 
3152.3 
3175.1 
3197.1 
31983 
3213.1 

ij 2,M.I $-, 

SIGMA 1 
EFF. 

1296.0 
1551.9 
1778.6 
1811.4 
1886.6 
1971.1 
2172.6 
2392.5 

:h?l356.S$- 1 ,  

2288.0 
2228.9 
2207.6 
21863 
2179.4 
2188.4 
2174.4 
2190.8 
22352 
2242.4 
2285.5 
23413 
23762 
2416.6 
2420.8 
2459.8 
2518.7 
2555.9 
25923 
2607.9 
2637.1 

0 

SIGMA 3 
EFF. 

1296.0 
I1232 
921.6 
907.2 
864.0 
806.4 
748.8 
6912 

648.0 
619.2 
601.8 
590.4 
590.4 
590.4 
590.4 
576.0 
590.4 
590.4 
604.8 
6192 
619.2 
633.6 
633.6 
648.0 
662.4 
676 8 
6912 
705.6 
720.0 

0 

__ 
qP;$;:j 

WT TARE (9) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
Yo MOISTURE 

EFF.PRN 
ITR RATIO 

1 .oo 
1.38 
I .93 
2.00 
2.18 
2.44 
2.90 
3.46 

3.53 
3.60 
3.65 
3.70 
3.69 
3.71 
3.68 
3.80 
3.79 
3.80 
3.78 
3.78 
3.84 
3.81 
3.82 
3.80 
3.80 
3.78 
3.75 
3.70 
3.66 

(ai/ %? 

;:$-3:56w$ 
*, ..,= ;g: jiji: :..:. ?.,. 

1694.11 RATlO@IFAILURE 

1 

(PI 
1296.0 
1337.6 
1350.1 
1359.3 
1375.3 
1388.8 
1460.7 
1541.9 

i:51.jw.j -ii::i 
..:.;:/ _. ... :-., :.y;v::: 

1468.0 
1424.0 
1406.2 
1388.3 
1384.9 
1389.4 
1382.4 
1383.4 
1412.8 
1416.4 
1445.1 
1480.3 
1497.7 
1525.1 
1527.2 
1553.9 
1590.5 
1616.3 
1641.8 
1656.8 
1678.6 

lo,-ol) 

(Q 
0:o 

1 

214.4 
428.5 
452.1 
511.3 
582.4 
711.9 
850.7 

820.0 
804.8 

' 801.4 
797.9 
794.5 
799.0 
792.0 
807.4 

826.0 
840.3 
861.1 
878.5 
891.5 
893.6 
905.9 
928.1 

. 939.5 
950.6 
95 1.2 
958.6 

Fj ,q7;+7:;q: 
.,.//L.,./_I. ..l:..i/:<;,. 

822.4 

TECH 

(A) 
0 

0.40 
0.44 
0.43 
0.42 
0.42 
0.38 
0.36 

0.40 
0.42 
0.43 
0.44 
0.44 
0.44 
0.45 
0.45 
0.43 
0.43 , 

0.4 I 
0.39 
0.39 
0.37 
0.37 
0.36 
0.34 
0.33 
0.32 
03 I 
0.30 

:~ .;. ~ ~ , ,  . .. . . .. - . .. , .. ;K@o$g;- .. ... 

PWWSDk 
7R8R004 



WLY 2004 043-2246-001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINJ3D WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 

SAMPLE ID: PF-3  DEPTH: SamDleTwe: Bulk 

ROCKY FLATSlFIELD AND LAB TESTINGKO 
PROJECT NUMBER: 043-2246-0001 

2 
3 

STRESSSTRAIN CURVE 

864 114.7 12.9 
12% 115.7 12.7 

1500 

I000 

500 

0 

PORE PRESSURESTRAIN CURVE 
1000 

2 7% 

m 5 0 0  

& 

2 250 

2 
0 

0 2 4 6 8 10 12 14 16 18 20 

Yo STRAIN 

0 2 4 6 8 10 12 14 16 IO 20 

Yo STRAIN 

Brown, COARSE TO F N  SAND, some fine 
gravel, some silty clay 

USCS 

LL PL PI 

I I I 1 
Comments 
Sample was remolded to approx 95% of the 
Max Dry Densty, @ Opt Moisture Content +2% 

Failure based on effective strcss ratio 
or 15% strain. 

STRESS RATIO-STRAIN CURVES 

0 2 4 6 8 10 12 14 16 18 20 

Yo STRAIN 

I 1 I 432 I 114.7 I 12.7 

I FAILURESICEWE. 

1 2 3 

Golder Associates Inc. 
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2 
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864 114.7 12.9 
12% 115.7 12.7 

lULY 2004 043-2246-0001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 a PROJECT NAME: 

SAMPLE ID: PF -3 DEPTH: SampleType: Bulk 

ROCKY FLATS/FIELD AND LAB TESTINGKO 
PROJECT NUMBER 043-2246-0001 

300( 

0 
0 

STRESS PATH 

m 

I 1 /..-.-- 

< y = 03373x + 972u 

sin(0)  =t i~n(a)  

E F F E m  

y = 0.4977~ + %.26S 

STRESS PATH MOHRCIRCLES 

1 96.3 psf I C '  111.0 psf 
- - - a '  - I 

0 
0 

MOHR STRESS CIRCLES 

-7-T-T- 
, -.*-..." 

IO00 UKK) 3 m  4000 

NORMAL STRESS (psf) 

2 0.10 74.6 96.3 
3 0.10 75.3 99.3 

Soil Description 

JSCS 

u PL PI 
1 - 1 - 1 - 1  
Comments 

ldcd to Bpprox 95% of the 
@ Opt Mokturc Conteot +2% 

Failure based on effective strrss ratio 
or 15% strain. 

a 

Golder Associates Inc. 



Mohr data 

CONSOLIDATED UNDRAINED TRlAXIAL STRENGTH 
MOHR CIRCLE GENERATION SPREADSHEET 1 

CONSOLIDATED UNDRAINED TRI 
MOHR CIRCLE GENERATION SPRI 

I 

320 
330 
340 
350 
360 

320 #NUM! #NUM! 222 205 #NUM! 
238 225 #NUM! 330 #NUMI #NUM! 

340 #NUM! #NUM! 253 243 #NUM! 
350 #NUM! #NUM! 266 259 #NUM! 

279 273 #NUM! 360 #NuM! #NuM! 

Page 1 
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TRIAXIAL COMPRESSION TEST ( m M  D 4767) CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
r 

ROJECT TITLE ROCKY FLATSEIELD AND LAD TESTINOKO INITIAL SAMPLE DATA CORRECTED SAMPLE DATA 
ROJECI' NUMBER 043-2246-0001 HEIGHT DRY DENSITY, calc (pcf) 
AMPLE ID PF-4 DIAMETER VOLUME OF SOLIDS 
AMPLE TYPE Bulk AREA VOLUME OF VOIDS 
IEFTH INTERVAL VOLUME VOID RATIO 

TRAM RATE r/dmin) 0.10 %MOISTURE 
ELL PRESSURE (psi) 83.0 SPECIFIC GRAVITY 

IACHME SPEED (idmin) 0.006 WEIGHT (9) 

WATER CONTENT (% MOIST 
WT SOIL &TARE, MOIST (9) 
WT SOIL &TARE, DRY (9) 

' W )  
AMPLEPRESSURE(psi) I 80.0 I 
FF. CONSOLlDATlON 
RESSURE, OJ (psi) 
RESSURE, 0 3  (ps9 
MAL "B" VALUE 

MOIST DENSITY (pc9 
DRY DENSITY, calc (pc9 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 
Mounting M e t h o d m i  VOID RATIO 

131.6. 

WT TARE (9) 
WT MOISTURE (9) 
WT DRY SOIL (9) 
%MOISTURE (minutes) 

'WP change 

DU (psf) 

A E L  
0.0 

201.6 
230.4 
244.8 
259.2 
259.2 
244.8 

144.0 
14.4 

-86.4 
-144.0 
-172.8 
-187.2 
-20 I .6 
-201.6 
-230.4 
-259.2 
-259.2 
-273.6 
-273.6 
-302.4 
-32.4 
-302.4 
-33 1.2 
-345.6 
-345.6 
-374.4 
-374.4 
-374.4 

L3244.8,> : 

ACCUM. 
DEFLE(JT. 
L inches) 

OOOO 
0 003 
0 008 
0011 
0 014 
0016 
0019 

0 048 
0 073 
0.095 
0 121 
0 148 
0.173 
0 199 
0.222 
0 273 
0 324 
0 373 
0 423 
0.471 
0 523 
0.574 
0.624 
0.675 
0.721 
0 774 
0.825 
0 875 
0.927 

porn 

@JiW 
PRESS. 

81.4 
82.8 
83.0 
83.1 
83.2 
83.2 

82.4 
81.5 
80.8 
80.4 
80.2 
80. I 
80.0 
80.0 
79.8 
79.6 
79.6 
79.5 
79.5 
79.3 
79.3 
79.3 
79. I 
79.0 
79.0 
78.8 
78.8 
78.8 

CORR 
AREA 
(in 2) 
6.09 
6.10 
6.10 
6.10 
6.11 
6.1 I 
6.11 

, 6.12 
6.14 
6.17 
6.19 
6.22 
6.25 
6.27 
6.30 
6.33 
6 38 
6.44 
6.50 
6 56 
6 61 
6.68 
6.74 
6.80 
6.87 
6.93 
7.00 
7.07 
7.14 
7.21 

DEWAT( 

CORR 
HEIGHT 

5.982 
5.979 
5.974 
5.971 
5.968 
5.966 
5.963 
5.959;- 
5.934 
5909  

5.861 
5.834 
5.809 
5.783 
5.760 
5.709 
5.658 
5.609 
5.559 
5.51 I 
5.459 
5.408 
5358 
5307 
5.261 
5.208 
5.157 
5.107 
5.055 

IC STRES 

(in) 

s 8rn 

DEV. 
STRESS 

0.0 
507.8 
691.5 
780.8 
858.2 
926.3 
980.0 

I 10382-~ 
1380.8 
1578.1 
1683.8 
1734.3 
1770.1 
1801.5 
182S.4 
1854.6 
1878.8 
1906.7 
19323 
1965 6 
1998.7 
2016.5 
2029.7 
2057.5 
2086.1 
2134.6 
2139.8 
2159.6 
2183.0 
2208.7 

(PO 

SIGMA I 
devstr+ep 

(el) 
432.0 
939.8 
1123 5 
1212.8 
12902 
13383 
1412.0 

-I14703 , 
1812.8 
2010.1 
21158 
2166.3 
2202. I 
2233.5 
22s7.4 
2286.6 
23108 
2338.7 
2364.3 
2397 6 
2430.7 
2448.5 
2461.7 
2489.5 
2518 1 
2566.6 
2571.8 
2591 6 
2615 0 
2640 7 

AXIAL 
LOAD 

13 
34 
42 
46 
49 
52 
54 

71 
80 
85 
87 
89 
91 
92 
94 
96 
98 
100 
I02 
104 
106 
108 
1 IO 
I12 
I I5 
I I7 
1 I9 
121 
I23 

0 

DU 

SIGMA 1 
EFF. 

432.0 
7382 
893.1 
968.0 
1031.0 
1099.1 
11672 

1668.8 
1995.7 
22022 
23103 
2374.9 
2420.7 
2459.0 
2488.2 
25412 
2597.9 
2623.5 
267 1 2  
27043 
2750.9 
2764.1 
2791.9 
2849.3 
29122 
2917.4 
2966.0 
2989.4 
3015.1 

%FFECTI 

&!!L 

$p2?.41j, 

SIGMA 3 
EFF. 

432.0 
230.4 
201.6 
1872 
172.8 
172.8 
1872 

288.0 
417.6 
518.4 
576.0 
604.8 
6192 
633.6 
633.6 
662.4 
6912 
691.2 
705.6 
705.6 
734 4 
734.4 
734.4 
7632 
777.6 

806.4 
806.4 
806 4 

PRINCII 

* 

8; 'ler*z'',:7: 
X Y  

777.6 

EFF.PRN 
iTR RATIO 

1 .00 
3.20 
4.43 
5.17 
5.97 
6.36 
624 

5.79 
4.78 
4.25 
4.01 
3.93 
3.91 
3.88 ' 

3.93 
3.84 
3.76 
3.80 
3.79 
3.83 
3.75 
3.76 
3.80 
3.73 
3.75 
3.75 
3.68 
3.71 
3.74 

E STRESS 
6.55 . 

(a</ 0 3 7  

y~gs-s;~y;  :;;;>. ; _, .:,, ;,*;i 

6 

K STRAIN 
(%I 
0.00 
0.05 
0.13 
0.18 
023 
0.27 
0.32 

0.80 
1.22 
1.59 
2.M 
2.47 
2.89 
3.33 
3.71 
4.56 
5.42 
6.24 
7.07 
7.87 
8.74 
9.60 
1043 
11.28 
12.05 
12.94 
13.79 
14.63 
15.50 

j ; b,38 

1 

(PI 
432.0 
484.3 
547.4 
577.6 
601.9 
635.9 
677.2 ' 

;z;;jM' jp;:: *... . ,"_:.p" 

978.4 
1206.6 
1360.3 
1443.1 
1489.8 
1520.0 
1546.3 
1560.9 
1601.8 
1644.5 
1657.3 
1688.4 . 
1704.9 
1742.6 
1749.2 
1763.1 
1806.3 
1844.9 
1847.5 
1886.2 
1897.9 
1910.8 

..... , ..(. !.., 

1 

(Q 
0.0 

253.9 
345.8 
390.4 
429, I 
463.1 
490.0 

.:':: :,&:I 

690.4 
789.0 
841.9 
867.1 
885.0 
900.8 
912.7 
927.3 
939.4 
953.3 
966.1 
982.8 
999.3 
1008.2 
1014.8 
1028.7 
1043.1 
1067.3 
1069.9 
1079.8 
1091.5 
1104.4 

,F::5 !9;1?$:>!;; 

TECI- 

( 1 4  - 
100 
1 .00 
100 
I .00 
1 .OO 
1 .00 
1 .00 

7-l,(Jo 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.85 

TIME 

0 0  
0 5  
1 3  
I 8  
2.3 
2.7 

W N )  

8 0  
12 2 
I5 8 
20.2 
24.7 
28 8 
33.2 
37 0 
45 5 
54 0 
62 2 
70 5 
78 5 
87.2 
95.7 
104 0 
I125 
1202 
129.0 
137 5 
145.8 
154 5 

(A) 
0.00 
0.40 
0.33 
0.3 I 
0.30 
0.28 
0.25 

;J,-,&Lt .. .+-"i 
0.10 
0.01 
-0.05 
4.08 
-0.10 
-0.10 
-0.11 
-0.1 I 
-0.12 
-0.14 
-0.13 
-0.14 
-0.14 
0 . 1 5  
-0.15 
-0.15 
-0.16 
-0.16 
-0.16 
-0.17 
-0.17 
-0.17 

PWMJSDk 
8/5/04 

3iF%o;i4"aF 

@ FAILURE p z i q  
0 

@ FAILURE 1038.20 I RATIO @ FAILURE 
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0 
TRlAXlAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAINED WITH PORE PRESSURE 

cm in corrected CORRECTED SAMPLE DATA 

415.45 
179 56 

15.243 5.989 DRY DENSITY, calc (pcf) 6.001 
7.087 2.790 2.778 VOLUME OF SOLIDS 
39.44 6.1 1 6.06 VOLUME OF VOIDS 

043-2246-000 I 

IEPTH INTERVAL VOLUME 601.21 36.69 36.3 1 VOID RATIO 

ROJECT TITLE 
ROJECT NUMBER 
AMPLE ID 
AMPLE TYPE 

MCHME SPEED (idmin) WEIGHT (g) I266 07 1297.87 
% MOISTURE 12 9 15.70 TRAM RATE(O/dmin\ I 0.10 I 

ELL PRESSURE (psi) 
AMPLE PRESSURE (psi) 

415.45 

SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 
DRY DENSITY, calc (pct) 
VOLUME OF SOLIDS 

WATER CONTENT (%MOISTURE) 
WT SOIL &TARE, MOIST (g) 

WT SOlL &TARE, DRY (g) 
WT TARE (E\ 

FF. CONSOLIDATION 
RESSURE, 03 (psi) 
RESSURE, (PO 
MAL "B" VALUE 

6.0 I 
864.01 VOLUME OF VOIDS 1185.761 

\Y, 

WT MOISTURE (9) 
0.447 IF{ Mounting Method-] VOID RATIO 

SATURATION 
WT DRY SOlL (g) 
% MOISTURE (minutes) 15.70 

ACCUM 
DEFLECT. 

(inches) 
OOOO 
0 003 
0 005 
0 008 
0013 
0 017 
0 020 
0 023 

0 074 
0 096 
0 124 
0.149 
0 174 
0.198 
0 221 
0 274 
0 323 
0 375 
0 425 
0 471 
0 524 
0 575 
0 625 
0.676 
0 723 
0 776 
0 826 
0 877 
0 928 

AXIAL PORE pwpchange c CORR. CORR. DEV. SIGMA1 SIGMA1 SlGMA3 
LOAD PRESS. D U ( M  %STRAIN (12)  AREA HEIGHT STRESS dcvstrccp EFF. EFF. 
(W ( P s i w  (in2) (in) (a0 
13 81.1 6.06 5.989 0.0 
41 82.7 6.07 5.986 6623 
46 83.0 6.07 5.984 776.0 
54 83.4 6.07 5.981 972.5 
65 83.9 6.08 5.976 1239.5 
70 84.0 6.08 5.972 1342.9 
74 84.1 6.08 5.969 1446.4 

EFF.PRN 
iTR RATIO 

I .oo 
2.05 
231 
2.83 
3.69 
4.01 
4.35 
4.55 

4.55 
4.34 
4.22 
4.17 
4.12 
4.05 
4.01 
4.09 
4.06 
4.10 
4.06 
4 09 
4.07 
4.04 
4.04 
3.97 
3.92 
3.94 
3.85 
3.90 
3.88 

(aJ 031 

la,'+o,? 

(PI 

1 

864.0 
964 8 
978.4 
1019.1 
I080 6 
11179 
1155.2 
1198.6 

' 1534.9 
1718.2 
1767 9 
1805.4 
1825 4 
1842.0 
1855 2 
1875.4 
1869.9 
1893.7 
1907.7 
1929.4 
I940 6 
I972 9 
1994 4 
2030 7 
2077 3 
2090. I 
2133 4 
2166 4 
21863 
2213 9 

TIME 

0 0  
0.5 
0 8  
1.3 
2 2  
2 8  
3 3  
3 8  

12.3 
16.0 
20.7 
24 8 
29.0 
33.0 
36.8 
45.7 
53.8 
62.5 
70.8 
78.5 
87 3 
95 8 
104.2 
112.7 
120.5 
I29 3 
I37 7 
146.2 
154.7 

(W 

230.4 
273.6 
331.2 
403.2 
417.6 
432.0 

0.05 
0.08 
0.13 
0.22 
0.28 
0.33 

I .OO 
1 .00 
1 .00 
1 .00 
I .00 
I .00 

15263 1295.9 633.6 
1640.0 1366.4 590.4 
1836.5 1505.3 532.8 
2103.5 1700.3 460.8 
2206.9 1789.3 446.4 
2310.4 1878.4 432.0 

107 
109 
I IO 
1 IO 
I10 
111 
113 
I15 
I I7 
I I9 
I20 
123 
125 
I28 
131 
132 
136 
137 
I40 
143 

201.6 
172.8 

144.0 
129.6 
115.2 
129.6 
115.2 
115.2 
100.8 
100.8 
86.4 
72.0 
57.6 
28.8 
14.4 
0.0 

-28.8 
-28.8 

158.4 

43.2 

I .60 
2.07 
2.49 
2.91 
3.31 
3.69 
4.58 
5.39 
6.26 
7.10 
7.86 
8.75 
9.60 
10.44 
11.29 
12.07 
12.96 
13.79 
14.64 
15.50 

6.16 
6.19 
6.22 
6.24 
6.27 
6.29 
6.35 
6.4 I 
6.47 
6.53 
6.58 
6.64 
6.71 
6.77 
6.83 
6.90 

' 6.97 
7.03 
7.10 
7.17 

5.893 
5.865 
5.840 
5.815 
5.791 
5.768 
5.715 
5.666 
5.614 
5.564 
5.518 
5.465 
5.414 
5.364 
5.313 
5.266 
5.213 
5.163 
5.1 12 
5.061 

2210.9 
2228.3 
2239.7 
2243.9 
2241.5 
2253.2 
2271.0 
2289.8 
2317.7 
2332.4 
2354.7 
2390.6 
2404.8 
2448.5 
2484.3 
2481.1 
2538.8 
2547.2 
2586.9 
26133 

3074.9 
3092.3 
3103.7 
3107.9 
3105.5 
3117.2 
3135.0 
3153.8 
3181.7 
3196.4 
3218.7 
3254.6 
3268.8 
3312.5 
33483 
3345.1 
3402.8 
3411.2 
3450.9 
3477.3 

2873.3 
2919.5 
2945.3 
2963 9 
2975.9 
3002.0 
3005.4 
3038.6 
3066.5 
3095.6 
3117.9 
3168.2 
3196.8 
3254.9 
3319.5 
3330.7 
3402.8 
3440.0 
3479.7 
3520.5 

662.4 
691.2 
705.6 
720.0 
734.4 
748.8 
734.4 
748.8 
748.8 
763.2 
763.2 
777.6 
792.0 
806.4 
835.2 
849.6 
864.0 
892.8 
892.8 
907.2 

82.5 
82.3 

82.1 
82.0 
81.9 
82.0 
81.9 
81.9 
81.8 
81.8 
81.7 
81.6 
81.5 
81.3 
812 
81.1 

1 80.9 
80.9 

82.2 

~ 

1 80.8 

0.98 
0.98 
0.98 
0.W 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.85 

I I I I I I I I I I 
DEVIATORlC STRESS EFFECTIVE PRINCU )U 

@ FAILURE 7 1  @ FAILURE piE5-j RATIO @ FAILURE 

1 

TECH I PWM/SDM L STRESS 
-iE--l DATE 815/2004p 

CHECKED 
REVIEWED 
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TRlAXlAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAINED WITH PORE PRESSURE 

70JECT TITLE ROCKY FLATSlFIELD AND LAB TE! cm in I c o w  I CORRECTED SAMPLE DATA 
7OJECT NUMBER 
W L E  ID PF-4 

STINGKO INITIAL SAMPLE DATA 

DIAMETER 
043-2246-000 I HEIGHT 

4MPLE TYPE Bulk AREA I 
15.253 6.005 5.981 

39.44 
601.61 36.71 36.24 
1266.20 1296.50 

15.32 
2.10 

DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS . 177.53 
VOID RATIO EPTH INTERVAL VOLUME 

ACHlNE SPEED (inlmin) 
rRAM RATE (Ydmin) 
ELL PRESSURE (psi) 

WEIGHT (9) 
%MOISTURE 1 . SPECIFIC GRAVITY WATER CONTENT (%MOISTURE) 

W L E P R E S S U R E ( ~ ~ ~ )  I 80.0 I 
FF. CONSOLIDATION 
IESSURE, 03 (psi) 
REssuRE, 0 3  (PSf) 

INAL "B" VALUE 
0 (minutes) 0.43 

1296.0 
Mounting M e t h d F ]  VOID RATIO 

SATURATION 

WT SOIL & TARE, MOIST (g) 
WT SOIL &.TARE, DRY (g) ' 

I 1296.50 I MOIST DENSITY (pcf) 131.3 
116.6 

416.38 
185.23 
0.445 

DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

1 124.22 
WT TARE (g) 
WT MOISTURE (g) 
WT DRY SOIL (9) 
%MOISTURE 

PWP dtwge 
DU 0 
0 

0.0 
244.8 
33 I .2 
417.6 
475.2 
518.4 
576.0 

;$)3l8;4:y . .... 'F? 
;+j ..... .; .: :...::!$+ 

446.4 
432.0 
417.6 
4 17.6 
417.6 
417.6 
417.6 
417.6 
417.6 
417.6 ' 

403.2 
388.8 
388.8 
374.4 
360.0 
331.2 
316.8 
302.4 

273.6 
259.2 
244.8 

273.6 

AXIAL 
LOAD 

13 
37 
49 
59 
67 
74 
89 

116 
117 
1 I7 
117 
117 
I18 
118 
119 
121 
123 
I25 
I28 
I30 
I32 
135 
138 
I40 
142 
145 
147 
1 50 
I52 

0 

,@* 

PORE 
PRESS. 
(pSi)=U 

80.8 
82.5 
83.1 
83.7 
84. I 
84.4 
84.8 ';'!"j84!4"":"':'"" 

v:.::!;. ... ... , .~: !  &$I;  

83.9 
83.8 
83.7 
83.7 
83.7 
83.7 
83.7 
83.7 
83.7 
83.7 
83.6 
83.5 
83.5 
83.4 
833 
83.1 
83.0 
82.9 
82.7 
82.7 
82.6 
82.5 

CORR 
AREA 
L tn 2) 

6.06 
6.06 
6.07 
6.W 
6.07 
6.07 
6.08 

6.13 
6.16 
6.19 
6.21 
6.24 
6.27 
6.29 
6.35 
6.41 
6.46 
6.52 
6.57 
6.64 
6.70 
6.77 
6.83 
6.89 
6.96 
7.03 
7.10 
7.17 
7.23 

. - - .-,v,% 
E:..:. .... ,6;1 I;:,:;; .. ............................ 

CORR 
HEIGHT 

5.981 
5.978 
5.975 
5.972 
5.970 
5.967 
5.957 

5.908 
5.888 
5.859 
5.832 
5.809 
5.783 
5.764 
5.708 
5.658 
5.608 
5.559 
5.513 
5.458 
5.408 
5357 
5.306 
5.263 
5.207 
5.157 
5.106 
5.055 
5.01 I 

(in) 

!:;"5:934'$J1Ij 
!!,:>::..%.,, .,.( :. 

DEV. 
STRESS 

0.0 
562.9 
849 9 
1091 5 
1283 3 
1434 4 
1791.7 

"2327.1 '- 
2417 8 
2426 0 
2416.4 
2409.9 
2402.7 
2394.2 
2400.1 
2399.5 
2418.9 
2446.6 
2462.7 
2508 1 
2537.3 
2557.0 
2586 1 
2618.4 
26432 
2668.8 
2692 4 
2712.4 
2753.6 
2763 5 

(PSO 

". I _ > _ _  

SIGMA I SIGMA I SIGMA3 
devsMra EFF. EFF. TIME 

ACCUM 
DEFLECT 

(inches) 
OOOO 
0 W3 
0006 
0009 
0011 
0014 
0 024 
0047 i',l 

0 073 
0 093 
0 122 
0 149 
0 172 
0 198 
0217 
0 273 
0 323 
0 373 
0 422 
0 468 
0 523 
0 573 
0 624 
0.675 
0 718 
0 774 
0 824 
0 875 
0 926 
0 970 

8 

K STRAlN 

0.00 
0.05 
0.10 
0.15 
0.18 
023 
0.40 

'a--;: 0.79 ;-'-i 

1.55 
204 
2.49 
2.88 
3.3 I 
3.63 
4.56 
5.40 
6 24 
7.06 
7.82 
8.74 
9.58 
10 43 
1129 
12.00 
12.94 
13.78 
I4 63 
15.48 
16.22 

A 

122- 

I 

(Q 
0.0 

281.5 
424.9 
545.7 
641.6 
717.2 
895.9 

1208.9 
1213.0 
1208.2 
1204.9 
1201.3 
1197.1 
1200.1 
1199.7 
1209.5 
1223.3 
1231.4 
1254.0 
1268.6 
1278.5 
1293.0 ' 
1309.2 
1321.6 
1334.4 
1346.2 
1356.2 
1376.8 
1381.8 

r!:; ' '  I. TPV, .,:,:I 163:5ii:.:., 
3, .:,: . ,: .:%;;' !::!y;sz 

( 1 - 9  

I .oo 
I .oo 
I .00 
1 .00 
I .oo 
1 .00 
I .oo 

E8e". :.. .-re*".. 

0.99 
0.98 
0.98 
,0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 

0.86 
0.85 
0.85 
0.84 

.. ::kd)io!.!yg$-~ . 

0.87 

1 

(a1) I ( aiw I ( a d 9  
1296.0 I 1296.0 I 1296.0 

(A) 
0 

0.43 
0.39 
0.38 
0.37 
0.36 
0.32 , 

i::.,,,,. . . . ..::!.!A$ 
0.18 
0.18 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.17 
0.16 
0.16 
0.15 
0.15 
0.14 
0.13 
0.12 
0.1 1 
0.10 
0.10 
0.09 
0.09 

>::lip: ,$;&i0,;22;!273 . . 

0.5 
1 .O 
I .5 
1.8 
2.3 
4.0 

1858.9 1614.1 105I.2 
2145.9 1814.7 964.8 
2387.5 1969.9 878.4 
2579.3 '2104.1 820.8 
2730.4 22 12.0 777.6 
3087.7 2511.7 720.0 

-1 

$!! 
3 12 2 

3.81 
3.75 
3.74 
3.74 
3.73 
3.13 
3.73 
3.75 
3.79 
3.76 
3.76 
3.80 
3.77 
3.76 
3.71 
3.70 
3.69 
3.63 
3.65 
3.66 
3.63 

15.5 
20.3 
24.8 
28.7 
33.0 
36.2 
45.5 
53.8 
62.2 
70.3 
78.0 
87.2 
95.5 
104.0 
112.5 
119.7 
129.0 
137.3 
145.8 
154.3 
161.7 

864.0 
878.4 
878.4 
878.4 
878.4 
878.4 
878.4 
878.4 
878.4 
892.8 
907.2 
907 2 
921.6 
936.0 
964.8 
979.2 
993.6 
1022.4 
1022.4 
1036.8 
I0512 

3722.0 3290.0 
3712.4 3294.8 
3705.9 32883 
3698.7 3281.1 
3690.2 3272.6 
3696.1 3278.5 
3695.5 3211 9 
3714.9 32973 
3742.6 3325.0 
3758.7 3355.5 
3804.1 ,3415.3 
3833.3 3444.5 
3853.0 3478.6 
3882. I 3522.1 
3914.4 35832 
3939.2 3622.4 
3964.8 3662.4 
3988.4 3714.8 
4008.4 3734.8 
4049.6 3790.4 
4059.5 3814.7 

2077.0 
2086.6 
2083.3 
2079.7 
2075.5 
2078.5 
2078.1 
2087.9 
2101.7 
2124.2 
2161.2 
2175.8 
2200. I 
2229.0 
2274.0 
2300.8 
2328.0 
2368.6 
2378.6 
2413.6 
2433.0 

I I 

EFFECTIVE PRINCU 
-1 .,RATIO @ FAILURE 

I 

8 STRESS 
3.991 

DU BEVlATCl 



043-2246-0001 LUGUST 2004 

TRLhxIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 

SAMPLE ID: PF-4 DEPTH: SampleType.: Bulk 

ROCKY FLATSRIELD AND LAB TESTINGKO 
PROJECT NUMBER: 043-2246-0001 

2 
3 

STRESS-STRAIN CURVE 
4000 

2 v 35cm 

8 zoo 

VJ 3ow 

~ 2 o o o  

g 1Mo 

& 

d 

1000 
s 
Q m  

0 
0 2 4 6 8 10 12 14 16 18 UI 

Yo STRAIN 

864 116.4 12.9 
1296 116.6 12.6 

STRESS RATIO-STRAIN CURVES 

0 2 4 6 8 10 12 14 16 18 20 

Yo STRAIN 

PORE PRESSURE-STRAIN CURVE 

--- -~ ~ , 
0 2 4 6 8 10 12 14 16 18 20 

Yo STRAIN 

FAILURE SKETCH 

om3 1 2 3 

.., . 

Soil Description 
Reddish Brown, COARSE lTl FINE SAND, some 
fine gravel, some silty clay. 

JSCS 

LL. PL PI 

1 1 I I 
Comments 
Sample was remolded to appror 95% of the 
h4a.x. Dry Density, @ Opt. Moisture Contern +2%. 

* Failure based on effective s t m  ratio 
or 15% strain. 

Golder Associates Inc. 
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1 
2 
3 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 

SAMPLE ID: PF-4 DEPTH: SampleType: Bulk 

ROCKY FLATSlFIELD AND LAB TESTING/CO 
PROJECT NUMBER: 043-2246-0001 

432 116.6 12.8 
864 116.4 12.9 
1296 116.6 12.6 

3000 

2 
3 . 

zoo0 2 Y 

0.10 77.7 98. I 
0.10 76.7 ' 97.0 

6 5 lax, 

0 

__/ 

STRESS PATH 

sin(@) =tan(a) I 
E F F E m  

' = 0.5334~ + 156.05, 

2831 

STRESS PATH MOHR CIRCLES 

I 156.1 psf I C '  184.5 p d  
.E  - a '  - I 

MOHR STRESS CIRCLES 

0 

E F € € m  
' 

_..- 
_.. y = 0.6306~ + 184.49 

..... 
,.-e .__.-- 

0 lo00 2ooo 3000 

NORMAL STRESS (psf) 

Soil Description 
l~cddbb B- COARSE TO FINE SAND. some 1 

I 

LL PL PI 
1 - 1 - 1 - 1  
Comments 

[Sample was rumldcd to approlr 95% of the 1 

Failure based on effective Smss ratio 
or IS% strain. 

CHECK 
REVIEW 

Golder Associates Inc. 



Mohr data 

CONSOLIDATED U N D W D  TRIAXL4L STRENGTH 
MOHR CIRCLE GENERATION SPREADSHEET I 

I I I I 

CONSOLIDATED UNDbUNED T 
MOHR CIRCLE GENERATION SP 

I I 

Page 1 



Sample # = 
Point # = 

Golder Associates, Inc. 
Denver, Colorado 

ob Short Title: 

ROCKY FLATSlFlELD & LAB TeSllNClCO 

Length= 
Diameter = 

Wet Weight = 
Area= 

Sample Area = 

Title: 

TXIAXIAL SHEAR TEST REPORT 
SAMPLE DATA AND CALCULATIONS 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 
Wet Density = 
Dry Density = 
Wet Density = 
Dry Density = 

smple No. 

?F-5 

Cell Pressure = 
Back Pressure = 

C o n f ~ g  Pressure = 

RcviCWd: Date: Job Number: Figure: 

JEO 8/8/2004 043-2246.0001 

PF-5 
1 

Initial 
14.74 an 
7.30 . an 

41.9 sq.m 
6.49 sq. in. 

1287.10 g 

616.9 cc 
12.1% 

na ' 

1148.17 g 
2.09 g/cc 
1.86 glcc 

130.2 pcf. 
116.1 pcf 

100 psi 
97 psi 
3 psi 

Sample # = 
Point # = 

Length= 

wet weight = 
Diameter = 

Area= 
Sample Area = 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 
Wet Density = 
Dry Density = 
Wet Density = 
Dry Density = 

CeU ~ressure = 
Back Pressure = 

C o n f ~ g  Pressure = 

PF-5 
2 

Initial 
14.80 
7.30 

1286.90 
41.9 
6.49 

6 19.4 
12.1% 

na 
1147.99 

2.08 
1.85 

129.6 
115.6 

100 
94 
6 

an 
an 
g 
sq.cm 
sq. in. 

cc 

psi 
psi 
psi 

Sample# PF-5 
Point # = 3 

Initial 
Length= 14.75 an 

Diameter= 7.30 cm 
WetWejght- 1287.60 g 

Area= 41.9 sq.cm 
SampleArea= 6.49 sq. in. 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 
Wet Density = 
Dry Density = 
Wet Density = 
Dry Density = 

617.3 cc 
12.1% 

na 
1148.62 g 

2.09 dcc 
1.86 gkc 
130.2 pcf 
116.1 pcf 

CeUPressure= 100 psi 
BackPressure= 91 psi 

Conf~gPressu re=  9 psi 

Notes: 1. Sample remolded to 95% of c o k t e d  maximum dry density (12'1.9 pco and +2% of corrccted optimum moisture content (10.8%). 
2. Yellowish brown (10 YR 5/8) clayey sand with gravel (SC). 



Shear Stress vs. Strain 

Golder Associates, Inc. Title: 

Denver, Colorado CU TRIAXIAL SHEAR DATA 
STRESS AND A PORE PRESSURE PLOTS lob Short Title: 

Sample No IReviewed (Date: lJob Number: IFigure: 

ROCKY I FLATSRIELD & LAB TESTINGKO 

1u 

14 
12 
10 
8 
6 
4 
2 
0 

0% 5% 10% 15% 20% 25% 

Strain, % 

Excess Pore Pressure vs. Strain 

I I PF-5 JEO 08/08/04 (043-2246.0001 I 



Stress Path Plot 
p'-q. Plot 

Reviewed: Date: Job Number: Sample No. 
PF-5 JEO 8/8/2004 043-2246.0001 

1-3 psi 

Figure: 

35 

30 
k 
.9 25 
a 

20 
3j  
L 15 cu 
iri 5: 10 

$ 5  

0 
0 5 10 15 20 25 30 35 40 

p', Mean Effective Stress in psi 

- 6 psi 

- 9 psi 

Stress Path Parameters 

y'= 33.2 degrees 
a' = 0.0 psi 

Golder Associates, Inc. I Denver, Colorado 
[Job Short Title: 

We: 

CU TRLAXIAL SHEAR DATA 
STRESS PATH PLOT 



Mohr Circle Diagram 
Effective Stress Parameters 

;ample No. Depth Reviewed: Date: Job Number: 
PF-5 JEO 8/8/2004 043-2246.0001 

30 

25 

Figure: 

a- 
2 15 

0 
0 

-3 psi 

- 6 psi 

-9 psi 

- M-C 
Envelope 

5 10 . 15 20 25 
Effective Normal Stress, psi 

30 

~~ 

Mohr-Coulomb Parameters 

I+'= 40.8 degrees 
c' = 0.0 psi 

Title: I Golder Associates, Inc. 
Denver, Colorado 

I fob Short Title: 

CU TRIAXIAL SHEAR DATA 
MOHR CIRCLE DIAGRAM 

4 
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Consolidated Undrained Triaxial Lab Data 
From: COLDER ASSOCU TES INC 
Project: ROCKY FLATS/FIELD & LAB TESTINGKO 

9 -. 

8 - -  

7 - -  

.3 6 -. 
‘E 

rz 5 - -  
0 a 4 -. 
ci 

t 

v1 

3 

2 

1 

07 

Project Number: 043-2246.0001 

- -  

-- 

- -  

Total Stress Analvsis 

I I I 7.3 I 4.0 I 
2 I 13.2 I 7.0 
3 18.8 I 9.4 

tm(w) = 0.4756 
a =  0.581 

4 = 28.4 degrees 
c = 0.7 psi 

Total Stress Analysis 
q vs. puo  

y = 0.4756~ + 0.581 
R’ = 0.9987 

0 2 4 6 8 IO 12 14 16 18 20 

pUo, M a n  Total Stress in psi 

Printed on: 8/9/2004 Colder Associates Inc. PF-5jeo.xls.xls 



Consolidated Undrained Triaxial Lab Data 
From. COLDER ASSOCU TES LWC 

Project Number: 043-2246.0001 
Explination of Terminology 

Project: ROCKY FLATS~IELD & LAB TESTINGKO 

Mohr-Coulom b Failure Criteria: 

Where: 
c’, c = effective and total cohesive intercept 
4’. + = e&ctive and total friction angle 
~ f f  = Shear Strength on the failure surface at failure 

~ ’ 4  e= effective and total normal stress on the failure surface at failure 

Stress Path Space: 

0 1  - 0 3  a ( l + d 3  Gl-t-03 
4= 2 #= P= 2 

Where: 
q = shear stress 
p’, p = mean effective and total stress 
<T’I , <TI = Effective and Total Axial Stress 

0’3, 0 3  = Effective and Total Confining Stress 

q=a+p’tany 
q = a + 0, - ~ o ) t a n  y 

Where: 
a’, a = intercept of the q-axis in effective stress of total stress space 
v’, w = angle of the failure line in effective stress of total stress space 
p’ = mean effective stress 
pUo = mean total minus the initial pore pressure . 

. 

with the relationship betwekn y~ and 9 and a and c are as kllows: 

tan(@= sin($) 

a =  c * cos($) 

Printed on: 8/9/2004 Golder Associates Inc. PF-5jeo.xls.xls 



Sample#= PF-6 
Point # = 1 

Golder Associates, Inc. 
Denver, Colorado 

ob Short Title: 
ROCKY FLATSIFIELD & LAB TFSTINCICO 

Initial 
Length= 14.68 cm 

Diameter= 7.30 cm 
Wetweight= 1291.00 g 

Area= 41.9 sq.cm 
SampleArea= 6.49 sq. in. 

Title: 

TRWUAL SHEAR TEST REPORT 
SAMPLE DATA AND CALCULATIONS 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 
Wet Density = 
Dry Density = 
Wet Density = 
Dry Density = 

ample No. 

'F-6 

614.4 cc 
14.0% 

na 

2.10 glcc 
1.84 g/cc 

1132.46 g 

131.1 pcf 
115.0 pcf 

Reviewed: Date: Job Number: Figure: 1 

JEO 8/1/2004 043-2246.000 1 

CellPressure= 100 psi 
BackPressure= 97 psi 

Conf&gPressure= 3 psi 

Sample# = PF-6 
Point # = 2 

Initial 
Length= 14.68 cm ' 

Diameter= 7.30 cm 
Wetweight= 1290.50 g 

Area= 41.9 sq.cm 
Sample Area= 6.49 sq. in. 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry Weight of Solids = 
Wet Density = 
Dry Density = 
Wet Density = 
Dry Density = 

614.4 cc 
14.0% 

na 

2.10 glcc 
1132.02 g 

1.84 g/cc 
131.1 pcf 
115.0 pcf 

CellPressure= 100 psi 
BackPressure= 94 psi 

Conf&gpressUre= 6 psi 

Sample # = 
Point # = 

Length = 
Diameter = 

Wet Weight = 
Area = 

Sample Area = 

Volume = 
Moisture Content = 
Specific Gravity = 

Dry weight of solids = 
Wet Density = 
Dry Density = 
Wet Density = 
Dry Density= 

Cell Pressure = 
Back Pressure = 

Conf&g Pressure = 

PF-6 
3 

Initial 
14.83 cm 
7.30 cm 

41.9 sq.cm 
6.49 sq. in. 

1294.00 g 

620.7 cc 
14.0% 

na 
1135.09 g 

2.08 g/cc 
1.83 g/cc 
130.1 pcf 
114.1 pcf 

100 psi 
91 psi 
9 psi 

Notes: 1. Sample remolded to 95% of maximum dry density (120.3 pcf) and +2% of optimum (12.5%) moisture content 
2. Yellowish brown (IO YR 5/8) clayey sand with gravel SC 



12 

Golder Associates, Inc. 
Denver, Colorado 

‘ob Short Title: 

0 

Title: 

CU TRIAXIAL SHEAR DATA 
STRESS AND A PORE PRESSURE PLOTS 

Shear Stress vs. Strain 

Sample No. Job Number: 
PF-6 08/01/04 043-2246.0001 

0% 5% 10% 15% 20% 25% 

Strain, % 

Figure: 

Excess Pore Pressure vs. Strain 
-3 psi - 6 psi - 9 psi 

I I I I 1 

4 

2 

0 

-2 

-4 ’  I I 
Strain, YO 



20 
18 

k 16 
.9 14 

.m 

Sample No. Reviewed: Date: Job Number: 
PF-6 JEO 8/1/2004 043-2246.0001 

$ 12 
& 

10 

Figure: 

2 
0 

Stress Path Plot 
p'-q Plot 

0 2 4 6 8 10 12 14 16 18 20 

p', Mean Effective Stress in psi 

- 3 psi 

- 6 psi 

- 9 psi 

- Kf Envelope 

Stress Path Parameters 

w ' =  33.7 degrees 
a' = 0.0 psi 

Golder Associates, Inc. ITitle: 

Denver, Colorado I 
ob Short Title: I 

CU TRIAXIAL SHEAR DATA 
STRESS PATH PLOT 



30 

25 

Golder Associates, Inc. 
Denver, Colorado 

Job Short Title: 
ROCKY FLATSlFlELD & LAB TESTINGICO 

Mohr Circle Diagram 
Effective Stress Parameters 

Title: 

CU TRIAXIAL SHEAR DATA 
MOHR CIRCLE DIAGRAM 

- 3 psi 

Reviewed. Date: Job Number: Sample No Depth 
PF-6 0 JEO 8/1/2004 043-2246.0001 

.I 

20 
a 

Figure: 

zi 
L. : 10 
'2- 

5 

'0  

- 6 psi 

- 9 psi 

- M-C. 
Envelope 

0 5 10' 15 20 25 
Effective Normal Stress, psi 

30 

Mohr-Coulomb Parameters 

I$'= 41.9 degrees 
c' = 0.0 psi 



. , . . .. . 

Consolidated Undrained Triaxial Lab Data 
From: COLDER ASSOCU TES INC. 
Project: ROCKY FLATSLFIELD & LAB TESTINGICO 
Project Number: 043-2246.0001 

Depth 
Effective Stress Analvsis 

tan(w') = 0.6674 
a' = 

$ '=  41.9 degrees 
c' = 0.0 psi 

Effective Stress Analysis 
q vs. p' 

0 2 4 6 a 10 12 14 

p', Mean Effective Stress in psi 

Printed on: 8/2/2004 Golder Associates Inc. 



Consolidated Undrained Triaxial Lab Data 

Project: 
From: COLDER ASSOCL-4 TES INC 

ROCKY FLATSLFELD & LAB TESTINGICO 
Project Number: 043-2246.0001 

Sample Number I , PF-6 
Depth 
Total Stress Analysis ' I 

1 I 8.0 
2 I . 14.1 I 7.8 
3 I 17.4 I 8.2 

tan(v)= 0.403 
a = 1.5432 

4 = 23.8 degrees 
c = 1.7 psi 

Printed e 

Total Stress Analysis 
q vs. p u o  

0 2 4 6 8 10 12 14 16 18 20 

pUo, Mean Total St& in psi 

Golder A s Inc. s.xls p. 



0 Consolidated Undrained Triaxial Lab Data 
From: COLDER ASSOCCATES INC 
Project: 
Project Number: 043-2246.0001 
Explination of Terminology 

ROCKY FLATS/FIELD & LAB TESTINGKO 

Mohr-Coulomb Failure Criteria: 

Where: 
c’, c = effective and total cohesive intercept 
+’, 4 = eect ive and total friction angle 
TR = Shear Strength on the failure surface a€ failure 

O’R, GIT = effective and total normal stress on the failure surface at failure 

Stress Path Space: 

0 1  - 0 3  a+d3 0 1  -k 0 3  P= 2 q=----- P‘= 2 
Where: 
q = shear stress 
p’, p = mean effective and total stress 
0’1 , G I  = Effective and Total Axial Stress 

0 ’ 3 ,  0 3  = Effective and Total Confining Stress 

q=a+p’ tany  
q = a + ( p -  U o ) t a n y  

Where: 
a’, a = intercept of the q-axis in effective stress of total stress space 
v’, \v = angle of the failure line in effective stress of total stress space 
p’ = mean effective stress 
pUo = mean total minus the initial pore pressure 

with the relationship between w and + and a and c are as hllows: 

f”n<w>= sin<+> 

a =  c *  cos(+) 



. .. .* ..-.. . . .  . . .  . . . 

I 

TRIAXIAL COMPRESSION TE3T (ASTM D 4767) CONSOLIDATED UNDRAINED WITH PORE PRESSURE 

ROJECT TITLE ROCKY FLATSRIELD AND LAB TESTINGKO INITIAL SAMPLE DATA CORRECTED SAMPLE DATA 
ROJECT NUMBER 043-2246-000 I HEIGHT DRY DENSITY, calc (pct) 
AMPLE ID PF-7 DIAMETER VOLUME OF SOLIDS 
AMPLE TYPE Bulk AREA VOLUME OF VOIDS 
EFTH INTERVAL VOLUME. VOID RATIO 

rIUlN RATE (Ydmin) 0.10 % MOISTURE 
ELL PRESSURE (psi) 83 0 SPECIFIC GRAVITY 

IACHME SPEED (inlmin) 0.006 W l G W  (g) 

WATER CONTENT (%MOISTURE 
WT SOlL &TARE, MOIST (g) 
WT SOIL &TARE, DRY (9) 

MPLEPRESSURE(~S~) r 80.0 1 MOlST DENSITY (pct) 133.4 
FF. CONSOLlDATlON 
WSURE, 0 3  (psi) 
WSURE, 0 3  (psf) 

DRY DENSITY, calc (pct) 
VOLUME OF SOLIDS 

432.0 VOLUME. OF VOIDS 
Mounting M e t h o d F ]  VOID RATIO MAL "B" VALUE 

WT TARE (9) 
WT MOISTURE (9) 
WT DRY SOlL (9) 
%MOISTURE 

0.418 I 4  (minutes) I 0.15 I SATURATION - 
E 

%'$rRAiN 

A 
0.00 
0.05 
0.10 
0.15 
0.20 
0.25 

0.84 
125 
1.67 
2.26 
2.51 
2.92 
3.34 
4.18 
526 
s .as 
6.69 
7.52 
8.36 
9.93 
10.03 
10.86 
11.70 ' 
12.54 
1337 
1421 
15.04 
15.118 
16.71 

q"";,;-#vW; 
.ljj/ !!!O?!>A!i!!fi 

- 
CORR. 
AREA 
(in 2) 
6.1 I 
6.11 
6.1 I 
6.12 
6.12 
6.12 

6.16 
6.18 
6.21 
6.25 
6.26 
6.29 
6.32 
6.37 
6.45 
6.49 
6.54 
6.60 
6.66 
6.78 
6.79 
6.85 
6.92 
6.98 
7.05 
7.12 
7.19 
7.26 
7.33 

)EVIAT( 

- 

;'gf,33La 

'WP chwge 
DU (pt) 

0 
0 0  

129.6 
158.4 

201.6 
201.6 

43.2 
-100 8 
-158.4 
-230.4 
-273.6 
-316.8 
-345.6 

1872 

'I/; 147.2 fljd,i 

417.6 
432.0 
460.8 
489.6 
-504 0 
-518.4 
-547.2 
-561.6 
-561 6 
-576 0 
-590.4 
-604.8 
-604.8 
-619 2 
-633.6 
-618.0 

ACCUM. 
DEFLECT. 

(inches) 
O.OO0 
0.003 
0.006 
0.009 
0.012 
0.0 I5 

q,;, ::!:,;!::...* 0.025:#;&: ././.: , , ,/ 

0.050 
0.075 
0.100 
0.135 
0.150 
0.175 
0.200 
0.250 
0.315 
0.350 
0.400 
0.450 
0.500 
0.594 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
I .OO0 

... .,~.~::.: ..... . 

AXIAL 
LQAD 

17 
33 
40 
4s 
50 
53 .. pcil;Y65i:,:8f2i . 

!)I::::.;:,, ,..*: ,,qj,!!pl 
89 
102 
I 07 
1 I 2  
I I5 
119 
122 
125 
I29 
I34 
I37 
140 
142 
149 
149 
w 
I57 
I59 
162 
I 6 4  
I67 
171 
172 

(W 

. . .. .,___ 

PORE 
PRESS. 
(Piw 

79.9 
80.8 
81.0 
81.2 
81.3 
81.3 

802 
79.2 
78.8 
78.3 
78.0 
77.7 
77.5 
77.0 
76.9 

76.5 
76.4 
76.3 
76.1 
76.0 
76.0 
75.9 
75.8 
75.7 
75.7 
75.6 
15.5 
75.4 

fiQ^i% fqfiq, 
S~,il,,.;, ,/!...I l!F" .!/ 

76.7 

cow. 
HEIGHT 

5.983 
5.980 
5.977 

.5.974 
5.97 I 
5.968 

5.933 
5.908 
5.883 
5.848 
5.833 
5.808 
5.783 
5.733 
5.668 
5.633 
5.583 
5.533 
5.483 
5.389 
5.383 
5.333 
5.283 
5.233 
5.183 
5.133 
5.083 
5.033 
4.983 

c STRES! 

(in) 

$7@g jfj'f";?, 
:..:,...I -L,.:.( &:Lis:. 

DEV. 
STRESS 

0 0  
377.1 
541.8 
6593 
776.6 
846.8 

1683.7 
1979.3 
2086.9 
2189.7 
2253.0 
2334.9 
2393.3 
2440.4 
2502.1 
2597.6 
2640.6 
2682.4 
2701.3 
2803.7 
2800.6 
2879.7 
2915 1 
2928.8 
2962.1 
2974.0 
3005.1 
3054.9 
30442 

0 

' @ \ 2 p g  

SIGMA I * 
(O3 

432.0 
809. I 
973.8 
10913 
1208.6 
1278.8 

2115.7 
24113 
2518.9 
2621.7 
2685.0 
2766.9 
2825.3 
2872 4 
2934.1 
3029.6 
3072.6 
3114.4 
3133.3 
3235.7 
3232.6 
3311.7 
3347.1 
3360 8 
3394.1 

I 3406.0 
3437.1 
3486.9 
34762 

!f-m#g 

SIGMA I 
EFF. 

432.0 
679.5 
815.4 
904.1 
1007.0 
10772 

;!'$137Jop$; 1, I 

2012.5 
2512.1 
26773 
2852.1 
2958.6 
3083.7 
3170.9 
3290.0 
3366.1 
3490.4 
35622 
3618.4 
3651.7 
3782.9 
37942 
3873.3 
3923.1 
395 I2 
3998.9 
4010.8 
4056.3 
4120.5 
4124.2 

CFFECTIb 

Ai!L 

SIGMA 3 
EFF. 

432.0 
302.4 
273 6 
244.8 
230.4 
230.4 

388.8 
532.8 
590.4 
662.4 
705.6 
748.8 
777 6 
849.6 
864.0 
892.8 
921.6 
936.0 
950 4 
979.2 
993.6 
993.6 
1008 0 
1022.4 
1036.8 
1036 8 
1051.2 
1065.6 
1080 0 

PRINCIC 

0 

gg@;!&, 

EFF.PRN 
iTR RATIO 

I .OO 
2.25 
2.98 
3.69 
4.37 
4.68 

5.33 
4.71 
4.53 
431 
4.19 
4.12 
4.08 

3.90 
3.91 

' 3.87 

3.84 
3.86 
3.82 
3.90 
3.89 
3.86 
3.86 
3.87 
3.86 
3.87 
3.82 

(O;/ Oi) 

@iipgjijg 

3.87 

3.87 

(IS) 

I .00 
I .oo 
1 .oo 
1 .oo 
100 
I .00 

0.99 
0.99 
0.98 
0.98 
097 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
092 
0.92 
0.90 
0.90 
0.89 
0.88 
0.87 

0.86 
0.85 
0.84 
0.83 

$$i;q>',-$ 

om 

1 

(P) 
432.0 
491.0 
544.5 
574.4 
618.7 
653.8 

.;r+ - . -i .".(/ ". 

1230.6 
. 1522.4 

1633.8 
1757.2 
1832. I 
1916.3 
1974.2 
2069.8 
21 15.0 
2191.6 
224 I .9 
2277.2 
2301.1 
2381.1 
2393.9 
2433.4 
2465.6 
2486.8 
2517.8 
2523.8 
2553.8 
2593.1 
2602. I 

:!8.808@j("j 

I 

(Q) 
0.0 

188.6 
270.9 
329.6 
3883 
423.4 

$$;56y675;q 
841.8 
989.6 
1043.4 
1094.8 
1126.5 , 

1167.5 
1196.6 
1220.2 
1251.0 
1298.8 
1320.3 
1341.2 
1350.7 
1401.9 
1400.3 
1439.8 
1457.6 
1464.4 
1481.0 
1487.0 
1502.6 
1527.5 
1522.1 

Q?? ..:. . :.&. f*Zk 

TECt 

TlME 

0.0 
0.5 
I .o 
I .5 
2.0 

( M W  

8.3 
12.5 
16.7 
22.5 
25.0 
29.2 
33.3 
41.7 
52.5 
58.3 
66.7 
75.0 
83.3 
99.0 
100.0 
108.3 
116.7 
125.0 
133.3 
141.7 
150.0 
158.3 
166.7 

(A) 
0.00 
034 
0.29 
028 
026 
024 

 mi,,-^ o'"i7TGq 
i&&,>:":.. ;!&& 

0.03 
-0.05 
-0.08 
-0.1 I 
-0.12 
-0.14 
-0.14 
-0.17 
-0.17 
-0.18 
-0.19 
-0.19 
-0.19 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.20 
-0.21 
-021 
-0.21 

PWMISDM 
8/4/04 

r?(."%l 

5 STRESS 
- G i l  -1 a @FA*LURE a @ FAILURE 1127.181 RATIO Q FAlLURE 
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TRlAXlAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAMED WITH PORE PRESSURE 

CORRECTED SAMPLE DATA 
5.975 DRY DENSITY, calc (pcf) 
2.78 1 VOLUME OF SOLIDS 

39.44 VOLUME OF VOIDS 
VOID RATIO 

ROJECT TITLE ROCKY FLATSIFIELD AND LAB TESTINGKO INITIAL SAMPLE DATA 
ROJECT NUMBER 043-2246-000 I HEIGHT 
AMPLE ID PF-7 DIAMETER 
AMPLE TYPE Bulk AREA 
lEPTH MTERVAL VOLUME 36.30 
IACHME SPEED (idmin) 0.006 WmGHT (9) 1284.57 1308.17 
TRAIN RATE IYdrnin) 0.10 Ye MOISTURE 12.3 I4  36 _ _  _ _  

SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 

133.3 
118.7 

423.68 
177.52 
0.419 

ELL PRESSURE (psi) 
AMPLE PRESSURE (psi) 
FF. CONSOLIDATION 

864.0 VOLUME OF VOIDS 
Mounting M e t h o d m 1  VOID RATIO 

SATURATION 
MAL “B” VALUE 

(minutes) 0.64 

WATER CONTENT (“Yo MOISTURE 
WT SOIL &TARE, MOIST (9) 
WT SOIL &TARE, DRY (g) 

WT TARE (g) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
%MOISTURE 

1308.17 

164.23 
1143.94 

(A) 
000 
0.40 
0 34 
0 32 
0.30 
0.30 
0.24 
0 I5 

0 os 
0 05 
0 03 
0 02 
0.01 
0.00 
-002 
-0.03 
604 
-0.04 
4.05 
-006 
-0.07 
607 
-008 
-0.09 
-009 
-0.10 
- 0 1 1  
-0 I I  
4 11 

PWMBDM 
8/4/2004 

PORE 
PRESS. 

80 8 
823 
82 6 
828 
83 0 
8 3 1  
83.1 
82 6 

81 6 
81 5 
81 3 
81 1 
81 0 
80 8 
80.5 
803 
8 0 1  
80 0 
79 8 
79 6 
79 4 
79 3 
79 1 
78 8 
78 7 
78 5 
78 4 
78 2 
78 2 

@sl)=v 

ACCUM. 
DEFLECT. 

(inches) 
OOOO 
0 003 
0006 
0009 
0012 
0015 
0 025 
0.050 

0 100 
0 125 
0.150 
0 175 
0 200 
0 250 
0 300 
0 350 
0 400 
0 450 
0 500 
0 550 
0600 
0660 
0 700 
0 750 
0 800 
0 862 
0900 
0 950 
lo00 

M A L  
LOAD 

20 
43 
52 
58 
64 
67 
79 
95 

112 

(W 

DEV. SIGMA1 SIGMA1 SIGMA3 ’ CORR. CORR. PwPdlWge 6 

DU(psf) %STRAM AREA HEIGHT STRESS dcvsb+cp EFF. EFF. 
EFF PRN 

ITR RATIO 

100 
I .84 
2 25 
2.56 
2.90 
3.09 
3.61 
3 91 

3 86 
3 89 
3.89 
3 86 
3.88 
3.87 
3.83 
3.79 
380 
3.80 
3.78 
3.80 
3.80 
3.81 
3 77 
3.74 
3.75 
3.70 
3.70 
3.67 
3 69 

(a;/ 

TIME 
(m 
00 
0 5  
IO 

2.0 
2 5  
4 2  
8.3 

16.7 
20 8 
25.0 
29 2 
33 3 
41 7 
50.0 
58.3 
66.7 
75.0 
83.3 
91 7 
100 0 
110.0 
116.7 
I25 0 
133.3 
143 7 
150.0 
158 3 
166.7 

l;5 

(ace I (in21 I (in) I (psi) I ( el) I ( alw I (a* 
0.0 I 0.00 I 1.00 I 6.07 I 5.975 I 0.0 I 864.0 I 864.0 I 864.0 

216.0 I 0.05 I 1.00 I 6.08 I 5.972 I 544.9 I 1408.9 I 1192.9 I 648.0 
1 .oo 
1 .oo 
1 .00 
1 .oo 
I .oo 

6.08 
6.08 
6.09 
6.09 
6.10 

5.969 
5.966 
5.963 
5.960 
5.950 

1362.6 
1475.4 
1588.1 
1644.1 
1925.5 

604.8 
576.0 
5472 
532.8 
532.8 

259.2 0.10 
288.0 0.15 
316.8 0.20 
331.2 0.25 
33 I .2 0.42 

757.8 1621.8 
899.4 1763.4 
1040.9 1904.9 
1111.3 1975.3 
1392.7 2256.7 

259.2 I 0.84 I 0.99 I 6.13 I 5.925 I 1762.9 I 2626.9 I 2367.7 I 604.8 

1 I5 
119 
122 
125 
129 
134 
137 
142 
145 
149 
155 
160 
164 
167 
172 
176 
I79 
I82 
186 
189 

100.8 
72.0 
43.2 
28.8 
0.0 
432 
-72.0 
-100.8 
-I 15.2 
-144.0 
-172.8 
-201.6 
-216.0 
-244.8 
-288.0 
-302.4 
-33 I2 
-345.6 
-374.4 
-374.4 

0.98 
0.97 
0.97 
-0.97 
O.% 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.87 

0.86 
0.85 
0.84 
0.83 

0.87 

6.20 
6.23 
6.26 
6.29 
6.34 
6.40 
6.45 
6.51 
6.57 
6.63 
6.69 
6.75 
6.83 
6.88 
6.95 
7.01 
7.10 
7.15 
7.22 
7.30 

5.850 
5.825 
5.800 
5.775 
5.725 
5.675 
5.625 
5.575 
5.52s 
5.475 
5.425 
5.375 
5.315 
5.275 
5.225 
5.175 
5.113 
5.075 
5.025 
4.975 

2204.8 
2287.8 
2347.0 
2405.6 
2475.7 
2566.6 
2610.9 
2698.3 
2739.9 
2802.0 
2905.5 
2985.3 
3036.4 
3076.3 
3150.8 
3202.8 
3225.2 
3261.7 
3309.3 
3335.6 

2968.0 
3079.8 
3167.8 
3240.8 
3339.7 
3473.8 
3546.9 
3663.1 
3719.1 
3810.0 
39423 
4050.9 
4116.4 
4185.1 
4302.8 
4369.2 
4420.4 
447 I .3 
4547.7 
4574.0 

763.2 
792.0 
820.8 
835.2 
864.0 
907.2 
936.0 
964.8 
979.2 
1008.0 
1036.8 
1065.6 
1080.0 
1108.8 
1152.0 
1166.4 
11952 
1209.6 
1238.4 
1238.4 

2.09 
2.51 
2.93 
335 
4.18 
5.02 
5.86 
6.69 
1.53 
837 
9.21 

’ 10.04 
11.05 
11.72 
12.55 
13.39 
14.43 
15.06 
15.90 
16.74 

3068.8 
3151.8 
3211.0 
3269.6 
3339.7 
3430.6 
3474.9 
35623 
3603.9 
3666.0 
3769.5 
3849.3 
3900.4 
3940.3 
4014.8 
4066.8 

. 4089.2 
4125.7 
4173.3 
4 199.6 

I I I I I I I I I I 
EFFECTIVE PRINCIP )U DEVIATORIC STRESS 

@ FAILURE piq @ FAILURE p5iiTl RATIO @ FAILURE 

I - TECH C STRESS 
3.94 I DATE 

CHECKED 
REVIEWED 



TRIAXIAL COMPRESSION TEST (ASTM D 4767) CONSOLIDATED UNDRAMED WlTH PORE PRESSURE 

ROJECT TITLE ROCKY FLATSlFlELD AND LAB TESTlNGlCO INITIAL SAMPLE DATA CORRECTED SAMPLE DATA 
ROJECT NUMBER 043-2246-0001 HEIGHT DRY DENSITY, calc (pct) 
AMPLE ID PF-7 DIAMETER VOLUME OF SOLIDS 
AMPLE TYPE Bulk AREA VOLUME O F  VOIDS 
IEPTH INTERVAL VOLUME VOID RATIO 
MCHINE SPEED (inlmin) 0.006 WEKHT (8) 
TRAIN RATE (Ydmin) 0 IO %MOISTURE 
ELL PRESSURE (psi) 89.0 SPECIFIC GRAVITY 
AMPLE PRESSURE (psi) 80.0 MOIST DENSITY (pct) 

0.405 

FF. CONSOLIDATION DRY DENSITY, calc (pct) 118.7 
RESSURE, u3 (psi) 
R=suw 0 3  (Pf) 

VOLUME OF SOLIDS 
1296.0 VOLUME OF VOIDS 

Mounting M e t h o d l W e t I  VOID RATIO 
SATURATION 

MAL "B" VALUE 
,,(minutes) 

Tlh4K 

0 0  
0 5  
IO 
I5 
2 0  
2 5  
4 2  
8 3  

I6 7 
21 7 
25 0 
29 2 
36 7 
41 7 
50 0 
58 3 
667 
79 2 
83 3 
91 7 
loo 0 
108 3 
1167 
125 0 
133 3 
141 7 
1500 
I58 3 
166 7 

(rn 

DU 

PORE 
PRESS. 

.80.7 
WPU 

82.6 
83.1 
83.5 
83.7 
83.9 
84.2 
84.0 

!$;&!83 '6 ;:?!:$.,'< 
Ih&!!.. ; .,.!!a:.,"!::,r!? 

83.3 
83.2 
83.1 
83.0 
82.9 
82.8 
82.7 
82.5 
82.3 
82.2 
82.1 
81.9 
81.8 
81.7 
81.6 
81 .5 
81.4 
81.4 
81.3 
81.3 
81.2 

.,... /./. .... ..... 

'WP chwgs 
DU (ps9 

A E L  
0.0 

273.6 
345.6 
403.2 
432.0 
460.8 
504.0 
475.2 

I :  ,..~ ..4~~,m6t:!y!!!:!: ::::E$::... 

374.4 
360.0 

331.2 
316.8 
302.4 
288.0 
2592 
230.4 
216.0 
201.6 
172.8 
l58g 
144.0 
129.6 
115.2 
100.8 
100.8 
86.4 
86.4 
72.0 

I.,?,: .. '.,E!4S:!T: 

345.6 

B 

K STRAIN 
("A) 
0.00 
0.05 
0.10 
0.15 
0.20 
0.25 
0.42 
0.84 

i":"" ,, !/:q.36.;."':: . ..n..j. 

. .... , ,/.. , . .WWi 
1.68 
2.18 
2.52 
2.94 
3.69 
4.19 
5.03 
5.87 
6.71 
7.97 
8.39 
9.23 
10.06 
10.90 
11.74 
12.58 
13.42 
14.26 
15.10 
15.93 
16.77 

ilE.,i.,.. 

I. 

CORR. CORR. DEV. 
(14 AREA HEIGW STRESS 

in) I m 
1.00 I 6.10 I 5.962 I 0.0 

DEVIATORIC STRESS 

SIGMA 1 
dewtr*cp 

(01) 

1296.0 
1956.8 
2239.6 
2451.3 
2592.1 
27092 
3036.0 
3520.4 

38963 
3952.3 
39892 
4 m . 5  
4070.5 
4101.2 
4143.9 
4185.5 
4269.9 
4338.4 
4367.8 
4404.0 
44603 
4493.9 
4547.1 
4536.9 
4587.6 
4575.9 
4563.9 
4551.5 
4538.6 

:: 3790.8 i-: 

SIGMA 1 
EFF. 

1296.0 
16832 
1894.0 
2048 1 
2160.1 
2248.4 
2532.0 
3045.2 

3521.9 
3592.3 
3643.6 
3692.3 
3753.7 
3798 8 
3855.9 
3926.3 
4039.5 
4122.4 
4166.2 
423 I .2 
4301.9 
4349.9 
4417.5 
4421.7 
4486.8 
4475.1 
4417.5 
4465.1 
4466 6 

W F E m  

J!%?!!L 

2 y73xz 

SIGMA 3 
EFF. 

1296.0 
1022.4 
950.4 
892.8 
864.0 
8352 
792.0 
820.8 

i:;& ..,..... ; ,!/, j!$j 
921.6 
936.0 
950.4 
964.8 
979.2 
993.6 
1008.0 
1036.8 
1065.6 

1094.4 
1123.2 
1137.6 
1152.0 
1166.4 
1180.8 
1195.2 
I 195.2 
1209.6 
1209.6 
1224.0 

P r n C I P  

0 

j8qIJ CY' 

1080.0 , 

WATER CONTENT (% MOISTURE) 
WT SOIL &TARE, MOIST (9) 
WT SOIL &TARE, DRY (9) 
WT TARE (g) 
WT MOISTURE (g) 
.WT DRY SOIL (g) 
% MOISTURE 

EFF.PRN 
ITR RATIO 

I .00 
I .65 
I .99 
2.29 
2.50 
2.69 
320 
3.71 

:-3;$jj.q ... 

3.82 
3.84 
3.83 
3.83 
3.83 
3.82 
3.83 
3.79 
3.79 
3.82 
3.81 
3.77 
3.78 
3.78 
3.79 
3.74 
3.75 
3.74 
3.70 
3.69 
3.65 

@;/ 0 3 3  

..:#..$,,*:.,,.: .yjj!@fi! 

5 STRESS 
3.R4I 

1 

(PI 
1296.0 
1352.8 
1422.2 
1470.4 
1512.0 
1541.8 
1662.0 
1933.0 , 

::.12125,18 ;;:;.$ 
2221.7 

' 2264.1 
2297.0 
2328.5 
2366.4 
2396.2 
2432.0 
2481.5 
2552.5 
2601.2 
2630.3 
2677.2 
2719.7 
2750.9 
2792.0 
2801.2 
2841.0 
2835.2 
2843.5 
2837.3 
2845.3 

../;,,, .,. .......::i*;i...! 

330.4 
471.8 
577.6 0.35 
648.0 0.33 ' 

706.6 
870.0 
1 112.2 0.21 

' 1328.1 
1346.6 
1363.7 
1387.2 
1402.6 
1424.0 
1444.7 
1486.9 
1521.2 
1535.9 
1554.0 
1582.1 
1598.9 
1625.6 
1620.4 
1645.8 

1633.9 
1627.7 
1621.3 

1,640.0 

0.14 
0.13 
0.12 
0.11 
0.11 
0.10 
0.09 
0.08 
0.07 
0.07 
0.06 
0.05 
0.05 
0.04 
0.04 
0.03 
0.03 
0.03 
0.03 
0.02 

TECH I PWMBDM 
@ FAILURE @ FAILURE 1 2 4 9 4 . 8 1  RATIO @ FAILURE 
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4 

4 

i 

2 
3 

UJGUST 2004 043-2244-000 

864 118.7 12.3 
1296 118.7 122 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

6 

5 

4 

3 

t PROJECT NAME: ROCKY FLATWIELD AND LAB TESTING/CO 
PROJECT NUMBER: 043-2246-0001 
SAMPLE ID: PF-7  DEPTH: SampleType: Bulk 

STRESS-STRAIN CURVE 

0 2 .  4 6 8 10 12 14 '16 18 m 
Yo STRAIN 

STRESS RATIO-STRAIN CURVES 

PORE PRESSURE-STRAIN CURVE 
loa, 

0 

-sal 

0 2 4 6 8 IO 12 14 16 18 20 
Yo STRAIN 

FAILURE SKETCH 

Soil Description 
)Brown, COARSE TD FINE SAND, some fine 
gravel, some silty clay. 

JSCS (sc) I 
LL PL PI 

I I I 1 
Comments 
Sample was remolded to appror 95% of the 
Max Dry Density, @ Opt. Moislure Content +2%. 

* Failurt based on effective stress ratio 
or 15% strain. 

REVIEW 

Golder Associates Inc. 



LUGUST 2004 043-2246-0001 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 a PROJECTNAME: 

SAMPLE ID: P F - 7  DEPTH: SampleType: Bulk 

ROCKY FLATSlFIELD AND LAB TESTINGKO 
PROJECT NUMBER: 043-2246-0001 

1 
2 
3 H - 

h 

0" 

432 118.8 12.3 
864 118.7 12.3 

12.2 1296 118.7 . 

0 
' 0  

STRESS PATH 

sln(0) =lan(a) 

I 
I DFECINE 

..-y=OJ165x+ 14231 

3000 4Ooo 

STRESS PATH MOHR CIRCLES 

24.0 O I 26.4 I - - - - I Q '  

I 142.3 psf I C '  166.2 psf E - a '  - I 

MOHR STRESS CIRCLES 

2 -  
Y 

b H * 
2 lo00 

i2 

0 
0 1000 ZOO0 3000 

NORMAL STRESS (ps!) 

lscs 

2 0.1.0 79.2 96.0 
3 0.10 78.7 95.5 

Soil Description 
Brnwn,COARSETOFINESAND,somefim 1 
B=lI = silty day. 

(SC) I I 

LL PL PI 
1 - 1 - 1 - 1  
Comments 
Sample was rmrolded to approx 95% of the 
hGuLhyDcnsi!y.@ OpM0isMcContcat+2%. 

Failure based on effective stress ratio 
or 15% strain. 

Golder Associates Inc. 



Mohr data 

CONSOLIDATED UNDRAINED TRIAXIAL STRENGTH 
MOHR CIRCLE GENERATION SPREADSHEET I 

I I I I 

CONSOLIDATED UNDRAINED TRI 
MOHR CIRCLE GENERATION SPRI 

I I 

300 
310 
320 
330 

243 #NuM! #NUM! 300 #NuM! #NuM! 
263 #NUM! #NUM! 310 #NuM! #NUM! 
281 #NUM! #NuM! 320 #NuM! #NUM! 
298 #NUM! #NUMI 330 #NuM! #NuM! 

300 
310 
320 
330 

Page 1 

' rNuM! In I, 243 4 
263 I NUM! 
281 I ?rTuM! 
298 CNUM! I R N U M I  I I I I I JJUI RNUM! I w! 

340 
3 50 
3 60 

313 #NUM! #NUM! 340 #NuM! #NuM! 
328 #NUM! #NUM! 350 #NuM! #NUtvl! 
341 #NUM! #NUM! 360 #NuM! #NuM! 



I 
, . .  . . .  . . .  . .. . . . . . . . . . . . . . . - . . . . ... . - 

IN TEST (ASTM D 4767) CONSOLIDATED UNDRAINED WlTH PORE PRESSURE 

INlTIAL SAMPLE DATA 
HEIGHT. 
DIAMETER 
AREA 
VOLUME 
WFKwr (g) 

TRlAxIAL COMPRESS1 

CORRECTED SAMPLE DATA 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

ROJECT TITLE 
ROJECT NUMBER 
AMPLE ID 
AMPLE TYPE 
)EPTH INTERVAL 
&CHINE SPEED (idmin) 

ROCKY FLATSRIELD AND LAB TESTMOKO 
043-2246-0001 

PF-8 
Bulk 

7.087 2.190 2.783 
39.44 
599.00 1 36.55 I I 0.484 I 

0.006 I 
Yo MOISTURE 
SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 
DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 
Mounting Method-] VOID RATIO 

I 16.77 I TRAIN RATE (Ydmin) 
:ELL PRESSURE (psi) 
AMPLE PRESSURE (psi) 
FF. CONSOLIDATION 
RESSURE, ~3 (psi) 
REssURE, 0 3  (PSf) 

WATER CONTENT (%MOISTURE) 
WT SOIL &TARE, MOIST (g) 
WT SOIL &TARE, DRY (g) 

1261.25 
1080.13 112.5 I 

WT TARE (g) 
WT MOISTURE (g) 

WT DRY SOIL (g) 
% MOISTURE 

181.12 

1080.13 
~- . 

MAL "B" VALUE 
0.11 io (minutes) 

E 

% STRAIN 

0.00 
0.03 
0.10 
0.15 
0.20 
0.25 
0.35 

1.18 
1.55 
2.03 
2.45 
2.89 
3.28 
3.68 
4.53 
5.36 
621 

7.89 
8.73 
9.52 
10.43 

12.09 
12.98 
13.72 
14.66 
15.50 
16.80 

(W 

0 . n  

7.09,. 

11.27 

CORR. 
AREA 
(in 2) 
6.08 
6.08 
6.09 
6.09 
6.10 
6.10 
6.10 
6.13 
6.16 
6.18 
621 
6.24 
6.26 
6.29 
6.32 
637 
6.43 
6.49 
6.55 
6.60 
6.67 
6.72 
6.79 
6.86 
6.92 
6.99 
7.05 
7.13 
7.20 
7.31 

CORR. 
HEIGHT 

(in) 
5.954 
5.952 
5.948 
5.945 
5.942 

, 5.939 
5.933 
S.908 
5.884 
5.862 

. 5.833 

5.782 
5.759 
5.735 
5.684 
5.635 
5.584 
5.532 
5.484 
5.434 
.5387 
5.333 
5283 
5.234 
5.181 
5.137 
5.081 
5.031 
4.954 

5.808 

DEV. 
STRESS 

0.0 
411.8 
534.5 
609.8 
692.2 
758.0 
853.9 
1007.1 
1001.3 
10022 
1001.9 
993.0 
1009.2 
10052 
1019.3 
1035.0 
1041.8 
1061.2 
1075.6 
1101.1 
1091.1 
1107.3 
1125.9 
1142.7 
I 1 57.0 
1155.6 
1184.6 
1169.7 
1176.2 
1172.0 

(PO 

SIGMA 1 

(01) 

432.0 
843.8 
966.5 
1041.8 
1124.2 
1190.0 
1285.9 
1439.7 , 

1433.3 
1434.2 
1433.9 
1425.0 
14412 
1437.2 
1451.3 
1467.0 
1473.8 
1493.2 
1507.6 
1533.1 
1523.1 
15393 
1557.9 
1574.7 
1589.0 
1587.6 
1616.6 
1601.7 
1608.2 
1604.0 

SIGMA I 
EFF. 

432.0 
771.8 
865.7 
926.6 
994.6 
1060.4 
1156.3 
13533 ' 

1346.9 ' 

13622 
13763 
1367.4 
1383.6 
1394.0 
1422.5 
1467.0 
1473.8 
14932 
1522.0 
1547.5 
1537.5 
1553.7 
1572.3 
1589.1 
1603.4 
1630.8 
1659.8 
1644.9 
1651.4 
1661.6 

CFFECW 

(Ulmr) 

PORE 
PRESS. 
(PSiHJ 

81.3 
81.8 
82.0 
82.1 
82.2 
82.2 
82.2 
81.9 
81.9 
81.8 
81.7 
81.7 
81.7 
81.6 
81.5 
81.3 
81.3 
81.3 
81.2 
81.2 
81.2 
812 
81.2 
81.2 
81.2 
81.0 

81.0 
81 .o 
80.9 

111.0 

'WP change 

D U  @sf) 

0 
0.0 
72.0 
100.8 
115.2 
129.6 ' 

129.6 
129.6 
86.4 
86.4 
72.0 
57.6 
57.6 
57.6 
43.2 
28.8 
0.0 
0.0 
0.0 

-14.4 
-14.4 
-14.4 
-14.4 
-14.4 
-14.4 

43.2 
-43.2 
43.2 
-43.2 

-14.4 

-57.6 

SIGMA 3 
EFF. 

432.0 
360.0 
3312 
316.8 
302.4 
302.4 
302.4 

..345.6 
345.6 
360.0 
374.4 
374.4 
374.4 
388.8 
4032 
432.0 
432.0 
432.0 
446.4 
446.4 
446.4 
446.4 

446.4 
446.4 
475.2 
475.2 
475.2 

. 4752 
489.6 

PRINCIF 

(alw 

446.4 

EFF.PRN 
;TR RATIO 
(ail 013 

I .00 
2.14 
2.61 
2.92 

' 3.29 
3.51 
3.82 
3.92 
3.90 
3.78 
3.68 
3.65 
3.70 
3.59 
3.53 
3.40 
3.41 
3.46 
3.41 
3.47 
3.44 
3.48 
3.52 
3.56 
3.59 
3.43 
3.49 
3.46 
3.48 
339 

ACCUM. 
DEFLECT. 

(inches) 
O.OO0 
0.002 
0.006 
0.009 
0.012 
0.015 
0.021 
0.046 
0.070 
0.092 
0.121 
0.146 
0.172 
0.195 
0.219 
0.270 
0.319 
0.370 
0.422 
0.470 
0.520 
0.567 
0.621 
0.671 
0.720 
0.773 ' 

0.817 
0.873 
0.923 
1 .OO0 

AxlAL 
LOAD 
(IW 
13 
30 
35 
38 
42 
45 
49 
S5 
55 
56 
56 
56 
56 
56 
57 
58 
59 
60 
61 
63 
63 
64 
66 
67 
68 
69 
71 
70 
71 
72 

)U 

1 

(PI 
432.0 
565.9 
598.4 
621.7 
648.5 
681.4 
,729.4 
849.5 
846.2 
861.1 
875.3 
870.9 
879.0 
891.4' 
912.8 
949.5 
952.9 
962.6 
984.2 
997.0 
991.9 
1OOO.1 
1009.4 
1017.7 
1024.9 
1053.0 
1067.5 
1060.0 
1063.3 
1075.6 

I 

(Q) 
0.0 

205.9 
267.2 

346. I 
379.0 
427.0 
503.9 
500.6 
501.1 
500.9 
496.5 
504.6 
502.6 
509.6 
517.5 
520.9 
530.6 
537.8 
550.6 
545.5 
553.7 
563.0 
57 I .3 
578.5 
577.8 
592.3 
584.8 
588.1 
586.0 

304.9 ' . 

TECH 

(14 

1 .00 
I .00 
1.00 
1 .00 
I .oo 
1 .00 
1 .oo 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.84 
0.83 

TIME 
(W 

0.0 
0.3 
1 .o 
1.5 
2.0 
2.5 
3.5 
7 .1 
11.7 
15.3 
20.2 
24.3 
28.7 
32.5 
36.5 
45.0 
53.2 
61.7 
70.3 
78.3 
86.7 
94.5 
103.5 
111.8 
120.0 
128.8 
136.2 
145.5 
153.8 
166.7 

(A) 
0.00 
0.17 
0.19 
0.19 
0.19 
0.17 
0.15 
0.09 
0.09 
0.07 
0.06 
0.06 
0.06 
0.04 
0.03 
0.00 
0.00 
0.00 
4.01 
4.01 
4.01 
-0.01 
4.01 
4.01 
4.0 I 
4.04 
4.04 
4.04 
4.04 
4.05 

PWWSDM 
7/30/04 

)EMATORIC STRESS C STRESS 
3.921 Q FAILURE 186.401 Q FAILURE RATIO Q FAILURE DATE 



1 

(P) 
864.0 
951.5 
994.7 
1021.4 
1045.7 
1076.2 
1093.5 
1101.3 
1102.9 
1071.8 
1065.8 
1035.8 
1038.0 
1030.8 
1029.5 
1032~9 
1010.9 
1014.9 
1012.0 
1030.8 
1019.0 
1021.3 
1023.4 
1023.0 
1024.9 
1036.9 
1027.1 
1032.8 
1047.2 
1054.3 

-0 
2 

(Q) 
0.0 
260.3 
,361.1 
43 1 .O 
484.1 
529.0 
560.7 
582.9 
627.7 
611.0 

. 605.0 
589.4 
591.6 
584.4 
583.1 
586.5 
578.9 
582.9 
580.0 
584.4 
587.0 
589.3 
591.4 
591.0 
592.9 
590.5 
595.1 
600.8 
600.8 
607.9 

ROJECT TITLE 
ROJECT NUMBER 
AMPLE ID 
AMPLE TYPE 
IEPTH INTERVAL 
IACHME SPEED (idmin) 
TRAM RATE (?/dmin) 
'ELL PRESSURE (psi) 
AMPLE PRESSURE (psi) 

INITIAL SAMPLE DATA 
HEIGHT 
D M E R  
AREA 
VOLUME 
W-EEHT (g) 
%MOISTURE 
SPECIFIC GRAVITY 
MOIST DENSITY (pcf) 

ICTED SAMPLE DATA cm in collected CORRE 
15.240 6.000 5.968 DRY DENSITY, calc (pcf) 
7.087 2.790 2.777 VOLUME OF SOLIDS 
39.44 6.1 1 6.06 VOLUME OF VOIDS , 

601.11 36.68 36.14 VOID RATIO 
1229.05 1261.25 
13.6 16.56 
2.70 
127.6 

ROCKY FLATWIELD AND LAB T IG/CO 
043-2246400 I 

WATER CONTENT (Yo MOISTURE) 
WT SOIL &TARE, MOIST (g) 
WT SOIL &TARE, DRY (g) 
WT TARE In) 

FF. CONSOLIDATION 
RESSURE, 0 3  (psi) 
RESSURE, 0, (psf) 
MAL "B" VALUE 

DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 

SATURATION 
Mounting Method-] VOID RATIO 

.I, 

WT MOISTURE (9) 
WT DRY SOIL (g) 
%MOISTURE 

200.36 
0.500 

(minutes) 

h 

K STRAIN 

0.00 
0.03 
0.08 
0.13 
0.18 
0.23 
0.28 
034 
0.75 
1.16 
1.56 
2.01 
2.43 
2.85 
32.5 
3.64 
4.52 
535 
6.18 
7.07 
7.88 
8.71 
9.55 
10.42 
1 1.26 
12.08 
12.94 
13.76 
14.63 
1630 

(%I 

CORR. 
AREA 
(in 2) 
6.06 
6.06 
6.06 
6.06 
6.07 
6.07 
6.07 
6.08 
6.10 

6.15 
6.18 
621 
623 
6.26 
628 
634 
6.40 
6.46 
6.52 
6.57 
6.63 
6.70 
6.76 
6.82 
6.89 
6.96 
7.02 
7.09 
7.24 

IEVIATO 

.. . .  .6.13.:. , 

corn 
HEIGHT 

(in) 
5.968 
5.966 
5.%3 
5.960 
5.957 
5.954 
5.951 
5.948 
5.923 

i'.i 5.899- : ~. 

5.875 
5.848 
5.823 
5.798 
5.774 
5.751 
5.698 
5.649 
5.599 
5.546 
5.498 
5.448 
5.398 
,5346 
52% 
5.247 
5.1% 
5.147 
5.095 
4.995 

.c STRESS 

SIGMA 1 

de- 
(01) 

864.0 
1384.5 
15862 
1725.9 
1832.3 
1921.9 
1985.4 
2029.9 
2119.4 
2086.1 
2074.1 
2042.9 
2047.1 
2032.8 
2030.3 
2037.1 
2021.7 
2029.8 
2023.9 
2032.8 
2038.1 
2042.6 
2046.8 
2046.1 

, 2049.8 
2045.1 
2054.3 
2065.6 
2065.7 
2079.9 

SIGMA 1 
EFF. 

864.0 
1211.7 
1355.8 
14523 
1529.9 
1605.1 
16542 
1684.3 
1730.6 
1682.9 
1670.9 
16253 
1629.5 
16152 
1612.7 
1619.5 
1589.7 
1597.8 
1591.9 
16152 
1606.1 
1610.6 
1614.8 
1614.1 
1617.8 
1627.5 
1622.3 
1633.6 
1648.1 
1662.3 

(Mu) 

L m a n  

SIGMA 3 
EFF. 

864.0 
691.2 
633.6 
590.4 
561.6 
547.2 
532.8 
518.4 
4752 
460.8 
460.8 
446.4 
446.4 
446.4 
446.4 
446.4 
432.0 
432.0 
432.0 
446.4 
432.0 
432.0 
432.0 
432.0 
432.0 
446.4 
432.0 
432.0 
446.4 
446.4 

PRINCIP 

(04J-l 

EFF.PRN 
STR RATIC 

1 .M) 

1.75 
2.14 
2.46 
2.72 
2.93 
3.10 
3.25 
3.64 
3.65 
3.63 
3.64 
3.65 
3.62 
3.61 
3.63 
3.68 
3.70 
3.69 
3.62 
3.72 
3.73 
3.74 
3.74 
3.74 
3.65 
3.76 
3.78 
3.69 
3.72 

E STRESS 

PJ 0 3 7  

PWP chsngc 

DU @st) 
0 

0.0 
172.8 
230.4 
273.6 
302.4 
316.8 
331.2 
345.6 
388.8 
4032 
403.2 
417.6 
417.6 
417.6 
417.6 
417.6 
432.0 
432.0 
432.0 
417.6 
432.0 
432.0 
432.0 
432.0 
432.0 
417.6 
432.0 
432.0 
417.6 
417.6 

DEV. 
STRESS 

0.0 
520.5 
722.2 
861.9 
968.3 
1057.9 
1121.4 
11'65.9 
1255.4 
1222.1 
1210.1 
1178.9 
1183.1 
1168.8 
1166.3 
1173.1 
1157.7 
1165.8 
1159.9 
1168.8 
1174.1 
1178.6 
I 182.8 
1182.1 
1185.8 
1181.1 
1190.3 
1201.6 
1201.7 
1215.9 

(Pf) 

Po= 

@si)=v 
PRESS. 

81.4 
82.6 
83.0 
83.3 
83.5 
83 6 
83 7 
83.8 
84.1 
842 
842 
843 
843 
84.3 
843 
84.3 
84.4 
84.4 
84.4 
84.3 
84.4 
84.4 
84.4 
84.4 
84.4 
84.3 
84.4 
84.4 
84.3 
84.3 

ACCUM. 
DEFLE(JT. 
(inches) 
O.Oo0 
0.002 
0.005 
0.008 
0.011 
0.014 
0.017 
0.020 
0.045 
0.069 
0.093 
0.120 
0.145 
0.170 
0.194 
0217 
0270 
0.319 
0.369 
0.422 
0.470 
0.520 
0.570 
0.622 
0.672 
0.721 
0.772 
0.821 
0.873 
0.973 

(la) 

1 .00 
1 .00 
1 .oo 
1 .oo 
I .00 
1 .oo 
I .00 
1 .00 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 

0.86 
0.85 
0.84 

0.87 

TIME 
m 
0.0 
0.3 
0.8 
1.3 
1.8 
2.3 
2.8 
3.3 
7.5 

'. . .  .> 11.5..,: ,, , 

15.5 
20.0 
24.2 
28.3 
32.3 
36.2 
45.0 
53.2 
61.5 
70.3 
78.3 
86.7 
95.0 
103.7 
112.0 
1202 
128.7 
136.8 
145.5 
1622 

(A) 
0.00 
0.33 
0.32 
0.32 
0.31 
0.30 
0.30 
0.30 
0.3 1 
033 ' 
0.33 
0.35 
0.35 
036 
0.36 
0.36 
0.37 
0.37 
0.37 
0.36 
0.37 
0.37 
0.37 
0.37 
0.36 
0.35 
0.36 
0.36 
0.35 
0.34 

PWWSDM 
7/30/2004 

36 
44 
50 
55 
58 
61 
63 
67 
66 
65 
64 
65 
64 
64 
65 
65 
66 
66 
67 
67 
68 
69 
69 
70 
70 
71 
12 
73 
75 

1 

TECH 
@ FAILURE -1 RATIO@FAILURE DATE 

CHECKEC 
@ FAILURE I 4033 I 



3zin7Iva 8 OILW POOUOYL 
YClSIWMd 

01'9E 
01'9f 
E90 
290 
290 
85'0 
15'0 
85'0 
85'0 
85'0 
LS'O 
85'0 
85'0 
95'0 
95'0 
55'0 
PS'O 
25'0 
05'0 ,' 
6P'O 
9P'O 
I P'o 
LE'O 
9E'O 
SE'O 

' PE'O 
SE'O 
SE'O 
9E'O 
0 

(v) ' 

61'f 
B3M.w 3 

860 
860 
8 0 E  
OI'E 
LI'E 
PZE 
8ZE 
CZE 
S Z E  
9ZE 
8ZE 
9ZE 
9Z E 
ZZE 
I Z E  
LI'E 
ZZE 
61'E 
61'E 
91% 
OI'E 
Z0E 
5971 
55'2 
WZ 
ZE'Z 
LI'Z 
8 6  I 
PL 1 
00'1 

31LW u s  
Nxddd3 

d'n /!4 

na 1381 

1'291- 
1.291- 
L P B S  
9 0 6 5  
5'965 
P'8Z9 
68E9 
8ZE9 

'ZIE9 
ZPE9 
I'OW 
P'EE9 
9 x 9  
Z8E9 
6lE9 
9IW 
8'559 
E'Z99 
1'8L9 
8289 
St69 
I'PIL 
8999 
L9W 
LOZ9 
9885 
6OP5 
0PLP 
908E 
00 
(b) 

0 

fi3NIMd 

zrooE1 
ZEOOC1 
9195 
919s 
919s 
919s 
919s 
919s 
9 19s 
9195 
9195 
9195 
919s 
09LS 
09LS 
P'MS 
P'MS 
8po9 
2619 
9EE9 
P'Z99 
9SOL 
V908 
ZSf8 
OW8 
8'268 
9126 
8% 

P'ZMI 
09621 

'dd3 
E W I S  

WJ4 

LIU3da2 

68L9ZI 
68L9Z1 
I'IELI 
8'ZPLI 
9WLI  

' 5:8181 

I'Lz81 
0PZ81 
00E81 
L I P 8 1  
P'SZOI 
LZEBI 
E'Z58I 
8'1581 
9EL8I 
I'ZMI 
P'6261 
P'SL61 
1'6661 
E'ISOZ 
8 E E I Z  
I 'OPIZ 
98ZIZ 
E'SOIZ 
0oLlJz 
SEOOZ 
SZ161 
9E8LI 

~ ' 6 ~ 8 1  

'rlr13 
I W I S  

ZLOLII- 
ZLOLI I- 

VPCL 
)'PEL 
P'PEL 
P'tEL 
P'KL 
VtEL 
P'PEL 
P'PEL 
P'PE L 
VPEL 
P'PCL 
00ZL 
00ZL 
95OL 
950L 
2'169 
8'9L9 
VZ99 
9EE9 
V06S 
968P 
8'WP 
0ZEP 
ZEOP 
P'PLE 
Z I Q  
9ELZ +- 

W nu 
dMd 

I ' I P B Z I  
l'lP8ZI 
E'9PI I 
Z Z S I I  
1'851 I 
0061 I 
5'0021 
P'P6l I 
8Z61 I 
8'561 I 
L I O Z I  
0561 I 
ZL611 
Z P I Z I  
6'EIZI 
OZEZI  
Z9PZI 
I'L9ZI 
iL6Z I 
P'91E1 
69SE 1 
L61PI 

618P1' 
LMPI 
P'18PI 
SZ9PI 
8'8EPI 
0EOPI 
09621 
(d) 

zrLPI 

& 

LIL6 
LIL6 
SRPZ 
ZLLPZ . 
068PZ 
6ZSSZ 
B'ELSZ 
SI9SZ 
P'855Z 
P ' W Z  
1'9LR 
8'Z9R 
I'L9SZ 
SZLSZ 
8ILSZ 
Z'6LSZ 
LLWZ 
9oz9z 
ZZSPL 
5'199z 
6P89Z 
ZPZLZ 
L6Z9Z 
P'68SZ 
E'LESZ 
ZELPZ 
6 L L Z  
OPPU 
ZLSOZ 
09621 
('4 

ctrrslwp 
I w91s 

E'PZE- 
E'PZE- 
5'691 I 
2'1811 
of61 I 
69SZ1 
B'LLZI 
SS9ZI 
P'Z9ZI 
P'89Z1 
1'0821 
8'9921 
I'ILZI 
5'9LZI 
85LZI 
ZE8ZI 
L I I E I  
9PZEI 

. Z9SE I 
5'59E I 
688E I 
ZDZPI 
LEEEI 
t'E6Z1 
E'IPZI 
ZLLI I  
61801 
0806 
Z19L 

-7j+ 
Ssm3.S 

.A3U 

1965 
1965 
l % P  
110s 
190's 
IPE'S 
E6E'S 
EW'S 
%p'S 
ZtS5 
E65'5 
WS 
P69S 
8IL5 
9PL5 
69LS 
Z6LS 
818'5 
EWS 
Elo'5 
268'5 
L16S 
ZP6S 
W6S 
LP6S 
0565 
ES65 
956s 
6565 
196'5 
(4) 

.l.HDI3I-l 
'MI03 

00'0 
00'0 
8L91 
M'SI 
01'51 
OP'OI 
fS6 
698 
W L  
E0L 
L1'9 
ZE'S 
8P'P 
80P 
19E 
n'f 
WZ 
OP'Z 
8 6  I 
8V I 
91'1 
PLO 
Z f O  
6ZO 
E O  
81'0 
E 1'0 
800 
E00 

+E 
Nlmlu% 

S 

0 0  
0 0  

L991 
E851 
0 O S I  
E'EOI 
LP6 
E'98 
S'LL 
8'69 
E'19 
8'25 
SPP 
SOP 
8'SE 
0ZE 
Z8Z 
8'EZ 
L 6  I 
L P I  
5'11 
E'L 
ZE 
8'Z 
E'Z 
8 1  
E'I 
8'0 
E'O 
00 
m 
m 

66'5 
66.5 
OZL 
E I'L 
90'L 
699 
E99 
LS9 
os9 
FP'9 
6E'9 
E E'9 
8Z9 
529 
n '9  
61'9 
11'9 
P1'9 

'21'9 
809 
LO9 
W 9  
I09 
I 0 9  
I 0 9  
I 0 9  
00'9 
00'9 
00'9 
66'5 

(z U!) 

KRIV 
'MI03 

00'1 
00'1 
E80 
WO 
s8'0 
06'0 
06'0 
160 
Z60 
E60 
p6'0 
S60 
% O  
96'0 
960 
L60 
M'O 
860 
860 
66'0 
66'0 
66'0 
00'1 
00'1 
00'1 
00'1 
00'1 
00'1 
00'1 
00'1 

(*I) 

P'98 
v98 
P'98 
V98 
P'98 
P'98 
V98 
P'98 
P'98 
P'98 
P'98 
E98 
E'98 
Z98 
Z98 
1'98 

" 098 * .  

6 5 8  
L S 8  
P'58 
LP8 
SP8 
€78 
I'P8 
6E8 
9E8 
ZE8 
E'18 

ndrsa) 
. S S N  
nod 

ooo'1 
0560 
006'0 
0290 
895'0 
815'0 
59P'O 
61P'O 
89E'O 
L I f O  
192.0 
EPZO 
S I Z O  
26 I .O 
69 I .O 
EPI'O 
811'0 
8800 
690'0 
PWO 
6100 
L100 
PI00 
1100 
800'0 
500'0 
200'0 
OOO'O 

'J33W3U 
J W 3 3 V  

(=lpm) 

ZL 
ZL 
ZL 
ZL 
Z l  
1L 
I L  
01 
OL 
69 
69 
69 
69 
69 
OL 
01 
IL  
I L  
ZL 
EL 
69 
89 
s9 
E9 
65 
ES 
SP 
PI 

(sql) 
W0-I 
w 

sp'9 I El ZL'E8OI 

S Z I  I 
9 L Z I  

PL6ZZ I 
OILVX aioh PL'SE 699E IE'109 

SCllOh dO W T O A  PPYE 
sanos do M ~ O A  E9L'Z 06L'Z M O L  



043-22464001 LILY 2004 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 

SAMPLE ID: P F - 8  DEPTH: SampleType: Bulk 

ROCKY FLATSlFIELD AND LAB TESTINGKO 
PROJECT NUMBER 043-2246-0001 

1 

1500 
ERPctive 
Confining 
Pressure 

Specimen (pst) 
1 432 
2 864 
3 1296 

STRESS RATIO-STRAIN CURVES 

1 II 

0 -  
0 2 4 6 8 10 12 I4 16 18 m 

Yo STRAIN 

Initial lnltial 
Dry Molsture 

Densky Content 

112.5 13.8 
112.3 13.6 
112.5 13.5 

(pcf) ec, 

PORE PRESSURESTRAIN CURVE 

0 2 4 6 8 10 12 14 16 18 20 

% STRAtN 

I FAILURE S K E W  

3.0 1 2 0 3 

Soil Description 
Brown, COARSE TO FME SAND, some fine 
gravel, some silty clay. 

uscs (SC) I 
LL PL PI 

I I I I 
Comments 
Sample was remolded to approx 95% of the 
Maw Dry Density, @ Opt. Moisture Content +2%. 

* Failure based on effective stress ratio 
o r  15% stmin. 

REVIEW 

Golder Associates Inc. 



' 043-2246-0001 ULY 2004 

Specimen 

1 
2 
3 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 

SAMPLE ID: PF-8 DEPTH: Sample Type: Bulk 

ROCKY FLATSFIELD AND LAB TESTKNG/CO 
PROJECT NUMBER: 043-2246-0001 

ERective Initial Initial 

Confining Dry Moisture 
Pressure Density Content 

(psf) (pcfl 6) 
432 112.5 13.8 
864 112.3 13.6 
1296 112.5 13.5 

STRESS PATH 

2 
3 - .  

0 

0.10 73.4 93.6 . 
0.10 73.0 96.8 4wo 

, . :_ r n * S ~ S . P A R A M E n  

a 
a 

a' - 
a '  

9.5 - - 
351.8 psf ..  

21.2 
180.5 psf 

- - 
. .  ? EFF&E.@ESS PARA-- ' 

- 
- - 

.: . .  . . rnALSTRENGInPARAhmER 
9.7 - - 

C 356.9 psf ,, 

4 

4 '  

5 
.. . .  

. ' iEFFECWE~ENG?HPARA&ER, . . 

22.9 - - . .  

195.9 psi - - C '  

Moo 

2ooo 

1000 

0 
0 

... _. 

MOHR STRESS CIRCLES 

-7- 

loo0 2ooo 3000 

NORMAL STRESS (psf) 

EFFECINE 
y = 0.42ix + 195.9 - 

y = 0.1706~ + 356.85 

Saturation 

Specimen 

0 IO 75.0 93 6 

Soil Description 
Brown, COARSE TU FINE SAND, some ih 
gavel, some silty clay. 

I 
JSCS (SC) I 

LL PL PI 
t - 1 - 1 - 1  
Comments 
Sample was remolded to approx 95% of the 
Max Dry Dcnsiry, @ Opt. Moisture Content +2%. 

Failure based on effective strcss ratio 
or 15% stmio. 

4000 

REVIEW 
I 

Golder Associates Inc. 



Mohr data 

Page 1 



. .  . .  . . ._ 

ROCKY FLATS/FIELD AND LAB TESTING/CO ROJECT TITLE 
ROJECT NUMBER 043-2246400 1 
AMPLE ID PF-9 
AMPLE TYPE Bulk 
IEPTH INTERVAL 

MlTlAL SAMPLE DATA 
HEIGHT DRY DENSITY, calc (pcf) 
DJAMETER VOLUME OF SOLIDS 
AREA VOLUME OF VOIDS 
VOLUME VOID RATIO 

CORRECTED SAMPLE DATA 

423.90 
174.50 E3 

l=.mJRE, 01 (psf) 432.0 
MAL "B" VALUE 

0.15 

IACIUNE SPEED (idnun) 
TRAIN RATE (Ydmin) 
ELL PRESSURE (psi) 
AMPLE PRESSURE (psi) 

(minutes) 

0 006  WEIGH'^ (9) 
0 10 % MOISTURE 
83 0 SPECIFIC GRAVITY WATER CONTENT (% MOISTURE) 
80 0 MOIST DENSITY (pcf) WT SOIL &TARE, MOIST (9) 

TLME 

0.0 
0.3 
13 
2.0 
3.0 
4.0 
8.3 
11.7 
15.7 
20.5 
24.7 
292 
32.5 
36.8 
45.7 
53.3 
62.2 
70.7 
78.8 
872 
95.0 
104.0 
112.5 
120.5 
129.3 
136.7 
146.2 
154.3 
160.0 
165.3 

ouar) 

ACCUM. 
DEFLECT. 

(inches) 
O.Oo0 
0.002 
0.008 
0.012 
0.018 

' . 0.024 
0.050 
0.070 
0.094 
0.123 
0.148 
0.175 
0.195 
0.221 
0.274 
0.320 
0.373 
0.424 
0.473 
0.523 
0.570 
0.624 
0.675 
0.723 
0.776 
0.820 
0.877 
0.926 
0.960 
0.992 

AXIAL 
LOAD 

13 
26 
42 
47 
54 
60. 
83 
98 . 
1 IO 
I19 
I25 
I30 
133 
135 
141 
145 
I50 
153 
I56 
I60 
163 
167 
170 
173 
177 
I79 
I83 
186 
I87 
I89 

(IW 

DU 

VOLUME OF VOIDS 
Mounting M e t h d ~ 1  VOID RATIO 

SATURATION 

PORE 
PRESS. 

81.4 
81.9 
82.4 
82.5 
82.5 
82.4 
81.4 
80.4 
79.5 
79.2 
78.9 
78.4 
77.9 
77.6 
77.5 
77.4 
77.3 
76.9 
76.8 
76.7 
76.6 
76.4 
76.2 
76.0 
75.9 
75.8 
75.8 
75.8 
75.6 
75.4 

(PSiW 

PWP change. 
DU @af) 

0.0 
72.0 
144.0 
158.4 
158.4 

0.0 
-144.0 
-273.6 
-316.8 
-360.0 
432.0 
-504.0 
-5472 
-561.6 
-576.0 
-590.4 
648.0 
-662.4 
-676.8 
49912 
-720.0 
-748.8 
-777.6 
-792.0 
-806.4 
-806.4 
-806.4 
-835.2 
-864.0 

144.0 , 

E 
% STRAIN 

(%) 
0.00 
0.03 
0.13 
020 
030 
0.40 
0.84 
1.17 
1 .57 
2.06 
2.47 
2.92 
326 
3.69 
4.58 
5.35 
623 
7.09 
7.91 
8.74 
9.53 
10.43 
1128 
12.08 
12.97 
13.71 
14.66 
15.48 
16.05 
16.58 

(1-6) 

1.00 
1 .00 
1 .oo 
1 .oo 
1 .00 

. 1.00 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
O.% 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 
0.87 
0.86 
0.85 
0.85 
0.84 
0.83 

CORR. 
AREA 
(in 2) 
6.10 
6.1 I 
6.11 
6.12 
6.12 
6.13 
6.15 
6.18 
6.20 
623 
6.26 
629 
6 3  I 
6.34 
6.40 
6.45 
6.51 
6.51 
6.63 
6.69 
6.75 
6.81 
6.88 
6.94 
7.01 
7.07 
7.15 
7.22 
7.27 
7.32 

IEVIATO 

CORR. 
HEIGHT 

(in) 
5.983 
5.981 
5.975 
5.971 
5.%5 
s.959 I 

5.933 
5.913 
5.889 
5.860 
5.835 
5.808 
5.788 
5.762 
5.709 
5.663 
5.610 
5.559 
5310 
5.460 
5.413 
5359 
5.308 
5260 
5207 
5.163 
5.106 
5.057 
5.023 
4.991 

c STRES! 

177.20 
0.4 18 

DEV. 
STRESS 

0.0 
316.0 
695.1 
810.0 
9762 
1 120.9 
1642.4 
2002.9 
2261.9 
2456.4 
2586.3 
2682.0 
27503 
2783.4 
2892.9 
2967.8 
30352 
3084.3 
3122.3 
3171.5 
3216.8 
3260.8 
3300.9 
3318.7 
3379.8 
3398.0 
3424.9 
3453.9 
3464.3 
347 I .8 

0 

SIGMA 1 
dcvstrtep 

(01) 

432.0 
748.0 
1127.1 
1242.0 
14082 
15S2.9 
2074.4 
2434.9 
2693.9 
2888.4 
3018.3 
3114.0 
3 I823 
3215.4 
3324.9 
3399.8 
34672 
35163 
35543 
3603.5 
3648.8 
3692.8 
3732.9 
3750.7 
3811.8 
3830.0 
3856.9 
3885.9 
38%.3 
3903.8 

SIGMA I 
EFF. 

676.0 

1083.6 
1249.8 

2074.4 
2578.9 
2%7.5 
32052 
3378.3 
3546.0 
36863 
3762.6 
3886.5 
3975.8 
4057.6 
41643 
4216.7 
4280.3 
4340.0 
4412.8 
4481.7 
45283 
4603.8 
4636.4 
4663.3 
4692.3 
4731.5 
4767.8 

E F F E ( 3 - F  

983.1 

' 14089 

SIGMA 3 
EFF. 

432.0 
360.0 
288.0 
273.6 
273.6 

. 288.0 
432.0 
576.0 
705.6 
748.8 
792.0 
864.0 
936.0 
9792 
993.6 
1008.0 
1022.4 
1080.0 
1094.4 
1108.8 
I1232 
1152.0 
1180.8 
1209.6 
1224.0 
1238.4 
1238.4 
1238.4 
1267.2 
1296.0 

I PRINCE 

(od-du) 

-1 RATIO @ FAILURE 

WT TARE (g) 
WT MOISTURE (g) 
WT DRY SOIL (9) 
%MOISTURE 

EFFSRN 
STR RATIO 

I .oo 
1.88 
3.41 
3.96 
4.57 

4.80 
4.48 
421 
4 2 8 ,  
427 
4.10 
3.94 
3.84 
3.91 . 
3.94 

3.86 
3.85 
3.86 
3.86 
3.83 
3.80 
3.74 
3.76 
3.74 
3.77 
3.79 
3.73 
3.68 

(oJ 037 

. .  
. . ,439. .:' 

3.97' 

I 

(PI 
432.0 
518.0 
635.5 
678.6 
76 I .7 
848.4 
1253.2 
1577.5 
1836.5 
1977.0 
2085.1 
2205.0 
2311.2 
2370.9 
2440.0 
2491.9 
2540.0 
2622.2 
2655.6 
2694.5 
273 1.6 
2782.4 
2831.2 
2869.0 
2913.9 
2937.4 
2950.9 
2965.3 
2999.4 
303 1.9 

ESl lZFSS 
4.891 

1 

(Q) 
0.0 

158.0 
347.5 
405.0 
488.1 

821.2 
1001.5 
1130.9 
12282 
1293.1 
1341.0 
13752 
1391.7 
1446.4 
1483.9 
1517.6 
1542.2 
1561.2 
1585.7 
1608.4 
1630.4 
1650.4 
1659.4 
1689.9 
1699.0 
1712.5 
1726.9 
1732.2 
1735.9 

sao.4 ..._ 

TECH p z i q  @ FAILURE 

0 

(A) 
0.00 
0.23 
0.21 
020 
0.16 

. 0.13 
0.00 
-0.07 
-0.12 
-0.13 
-0.14 
6.16 
4.18 
-0.20 
4.19 
-0.19 
4.19 
-0.2 I 
-021 
-0.21 
-0221 
-022 
-0.23 
-023 
4.23 
-0.24 
-0.24 
4.23 
-024 
-025 

PWWSDM 
8R104 
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e 0 
TRLAxlAL COMPRESSION (ASTM D 4767) CONSOLIDATED UNDRAMED WlTH PORE PRESSURE 

ROJECT TITLE 
ROJECT NUMBER 
AMPLE ID 
AMPLE TYPE 

1143.28 

14.60 

WT SOIL &TARE, DRY (g) 
WT TARE (9) 
WT MOlSTURE (g) 
WT DRY SOIL (g) 
%MOISTURE 

177.97 
0.420 

864.0 VOLUME OF VOIDS 
Mounting M e t h o d l W e t ]  VOID RATIO 

SATURATION 

'RESSURE, 0 3  (PO 
'MAL "B" VALUE 

0.16 

SIGMA 3 
EFF. 
(%-w 
864.0 
633.6 
604.8 
547.2 
518.4 
489.6 
489.6 
4752 
590.4 
734.4 
8352 
907.2 
950.4 
9792 
993.6 
1008.0 
1m.4 
1022.4 
1036.8 
1036.8 
1051.2 
1051.2 
1080.0 
1080.0 
1094.4 
1108.8 
1123.2 
1137.6 
1152.0 
1166.4 

PRINClP 

EFF.PRN 
jTR RATIO 
(ai/ 0 3 7  

I .oo 
I .94 
2.16 
2.68 
3.10 
3.51 
3.74 
4.27 
4.69 
4.39 
4.23 
4.10 
4.02 
3.96 
3.92 
3.92 
3.89 
3.89 
3.89 
3.91 
3.89 
3.91 
3.85 
3.90 
3.88 
3.88 
3.87 
3.84 
3.85 
3.83 

5 STRESS 
4.691 

(o,'+al? 

(PI 
1 

864.0 
932.3 
955.6 
1007.9 
1061.7 
1104.8 
1160.0 
1252.5 
1679.5 
1979.0 
2185.6 
2311.8 
2387.2 
2429.2 
2444.7 
2478.9 
2499.5 
2499.4 
2536.7 
2545.3 
2570.5 
2579.9 
2617.0 
2643.4 
2670.2 
2703.7 
2733.0 
2753.6 
2790.9 
2819.0 

DEV. 
STRESS 

@sf) 
0.0 
597.4 
701.5 
9213 
1086.6 
1230.4 
1340.9 
1554.5 
2178.1 
2489.2 
2700.8 
2809.3 
2873.6 
2900.0 
2902.3 
2941.7 
2954.2 
2954.0 
2999.7 
3017.1 
3038.5 
3057.4 
3074.0 
3126.7 
3151.7 
3 189.9 
3219.6 
3232.1 
3277.8 
3305.2 

SIGMA 1 

(01) 

864.0 
1461.4 
1565.5 
17853 
1950.6 
2094.4 
2204.9 
2418.5 
3042.1 
3353.2 
3564.8 
36733 
3737.6 
3764.0 
37663 
3805.7 
3818.2 
3818.0 
3863.7 
3881.1 
3902.5 
3921.4 
3938.0 
3990.7 
4015.7 
4053.9 
4083.6 
4096.1 
4141.8 
4169.2 

SIGMA 1 
EFF. 

CORR. 
HEIGHT 

(in) 
5.981 
5.978 
5.976 
5.972 
,5.%9 
5.966 
5.963 
5.957 
5.931 
5.910 
5.886 
5.859 
5.834 
5.808 
5.785 
5.759 
5.708 
5.660 
5.607 
5.557 
5.508 
5.456 
5.409 
5.356 
5.305 
5.257 
5.204 
5.158 
5.105 
5.054 

C STREI 

CORR. 
AREA 
(in 2) 
6.07 
6.07 
6.08 
6.08 
6.08 
6.09 
6.09 
6.10 
6.12 
6.14 
6.17 
6.20 
622 
6.25 
6.28 
6.30 
636 
6.42 
6.48 
6.53 
6.59 
6.65 
6.71 
6.78 
6.84 
6.91 
6.98 
7.04 
7.11 
7.18 

BEVIATO 

porn 
PRESS. 

81.5 
83.1 
833 
83.7 
83.9 
84.1 
84.1 
84.2 
83.4 
82.4 
81.7 
81.2 
80.9 
80.7 
80.6 
80.5 
80.4 
80.4 
80.3 
80.3 
80.2 
80.2 
80.0 
80.0 
79.9 
79.8 
79.7 
79.6 
19.5 
79.4 

(PSiWJ 

ACCUM. AXIAL 
DEFLECT. LOAD 

O.Oo0 13 
0.003 38 
0.005 43 
0.009 52 
0.012 59 
0.015 65 
0.0 I8 70 
0.024 79 
0.050 106 
0.071 119 
0.095 129 
0.122 134 
0.147 137 
0.173 139 
0.196 140 
0.w 142 
0.273 144 
0.321 145 
0.374 148 
0.424 150 
0.473 152 
0.525 154 
0.572 156 
0.625 160 
0.676 163 
0.724 I 6 6  
0.777 169 
0.823 171 
0.876 175 
0.927 178 

(inches) (W 

E 

% STRAIN 
(W 
0.00 
0.05 
0.08 
0.15 
020 
0.25 
030 
0.40 
0.84 
1.19 
1.59 
2.04 
2.46 
2.89 
328 
3.71 
4.56 
5.37 
6.25 
7.09 
7.91 
8.78 
9.56 
10.45 
I1  3 0  
12.10 
12.99 
13.76 
14.65 
15.50 

1 

(Q 
0.0 
298.7 
350.8 
460.7 
543.3 
615.2 
670.4 
777.3 
1089.1 
1244.6 
1350.4 
1404.6 
1436.8 
1450.0 
1451.1 
1470.9 
1477.1 
1477.0 
1499.9 
1508.5 
1519.3 
1528.7 
1537.0 
1563.4 
1575.8 
1594.9 
1609.8 
1616.0 
1638.9 
1652.6 

TECH 
DATE 

( 1 4  

1 .00 
1 .oo 
1 .00 
1 .00 
1 .oo 
1 .00 
I .00 
1 .00 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
0.96 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 

0.86 
0.85 
0.85 

0.87 

DU @sf) 
(W 
0.0 
230.4 
2592 
316.8 
345.6 
374.4 
374.4 
388.8 
273.6 
129.6 
28.8 
-432 
-86.4 
-1d5.2 
-129.6 
-144.0 
-158.4 
-158.4 
-172.8 
-172.8 
-187.2 
-187.2 
-216.0 
-216.0 
-230.4 
-244.8 
-259.2 
-273.6 
-288.0 
-302.4 

TIME 
OWN) 
0.0 
0.5 
0.8 
1.5 
2.0 
2.5 
3.0 
4.0 
8.3 
11.8 
15.8 
20.3 
24.5 
28.8 
32.7 
37.0 
45.5 
53.5 
62.3 
70.7 
78.8 
87.5 
95.3 
104.2 
112.7 
120.7 
129.5 
137.2 
146.0 
154.5 

(A) 
0.00 
039 . 
0.37 
0.34 
0.32 
0.30 
0.28 
025 
0.13 
0.05 
0.01 
4.02 
4.03 
4.04 
-0.04 
-0.05 
-0.05 
-0.05 
4.06 
4.06 
-0.06 
4.06 
4.07 
4.07 
-0.07 
4.08 
4.08 
-0.08 
-0.09 
-0.09 

P W MISDM 
8RR004 

1231.0 
1306.3 
1468.5 
1605.0 
1720.0 
1830.5 
2029.7 
27683 
3223.6 
3536.0 
3716.5 
3824.0 

3895.9 
3949.7 
3976.6 
3976.4 
4036.5 
4053.9 
4089.7 
4108.6 
4154.0 
4206.7 
4246.1 
4298.7 
4342.8 
4369.7 
4429.8 
447 1.6 

3m92 

DU 
@ FAILURE @ FAILURE 2178.1 I RATIO @ FAILURE 

CHECKED 



,,(minutes) 

ROJECT TITLE 
ROJECT NUMBER 043-2246-000 I 
AMPLE ID PF-9 
AMPLE TYPE Bulk 
IEPTH INTERVAL 

ROCKY FLATSRIELD AND LAB TESTING/CO INITIAL SAMPLE DATA 
HEIGHT DRY DENSITY, calc (pcf) 
DIAMETER 
AREA VOLUME OF VOIDS 
VOLUME 

CORRECTED SAMPLE DATA 

VOLUME OF SOLIDS 

VOID RATIO 

423 68 
171 82 

T M E  

0.0 
0.5 
1 .o 
1.7 
2.0 
2.5 
3.5 . 
8.0 
11.7 
15.3 
20.2 
24.2 
28.5 
32.3 
36.5 
45.0 
53.2 
62.0 
70.3 
78.3 
87.0 
95.0 
103.8 
112.3 
120.2 
128.8 
136.7 
145.7 
154.0 
166.7 

(W 

IACHME SPEED (mdmin) 
TRAIN RATE (Ydmin) 
ELL PRESSURE (psi) 
AMPLE PRESSURE (psi) 

ACCUM. 
DEFLECI'. 
(inches) 
O.Oo0 
0.003 
0.006 
0.010 
0.012 
0.0 15 
0.021 
0.048 . 
0.070 
0.092 
0.121 
0.145 
0.171 
0.194 
0.219 
0.270 
0.319 
0.372 
0.422 
0.470 
0.522 
0.570 
0.623 
0.674 
0.721 
0.773 
0.820 
0.874 
0.924 
I .Oo0 

0 006 WEHT (9) 
0 IO % MOISTURE 
89 0 SPECIFIC GRAVITY 
80 0 MOIST DENSITY (pcf) 

AXIAL 
LOAD 

14 
55 
65 
74 
80 
86 
96 
I25 
140 
149 
155 
157 
161 
162 
I65 
168 
171 
174' 
178 
180 
184 
1% 
190 
193 
195 
199 
200 
204 
207 
211 

(W 

)U 

PORE 
PRESS. 

80.3 
82.8 
83.4 
83.7 
84.0 
84.2 
84.4 
83.8 
82.9 
82.3 
81.9 
81.6 
81.4 
81.3 
81.1 
81 .o 

' 80.9 
80.8 
80.7 
80.6 
80.5 
80.4 
80.3 
80.2 
80. I 
80.0 
80.0 
79.9 
79.8 

. 79.7 

(PSiW 

P w P c h a a ~  
DU @sf) 

0 
0.0 

360.0 
446.4 
489.6 
532.8 
561.6 
590.4 
504.0 
374.4 
288.0 
230.4 
1872 
158.4 
144.0 
1152 
100.8 
86.4 
72.0 
57.6 
43.2 
28.8 
14.4 
0.0 

-14.4 
-28.8 
4 3 2  
-431 
-57.6 
-72.0 
-86.4 

6 

% STRAIN 

0.00 
0.05 
0.10 
0.17 
0.20 
025 
035 

1.17 
1.54 
2.02 
2.43 
2.86 
3.25 
3.66 
4.52 
3.34 
6.22 
7.06 
7.86 
8.73 
9.54 
10.42 
1128 
12.06 
12.93 
13.72 
14.62 

16.73 

A 

0.86 ;. 

15.46 

( 1 9  

1 .00 
1 .oo 
1 .OO 
1.00 
I .00 
1 .00 
1 .00 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
O.% 
0.95 
0.95 
0.94 
0.93 
0.92 
0.91 
0.90 
0.90 
0.89 
0.88 

0.86 ' 

0.85 
0.85 
0.83 

0.87 

CORR. 
AREA 
(in 2) 
6.08 
6.08 
6.09 
6.09 
6.09 
6.10 
6.10 

' 6.13, 
6.15 
6.18 
6.21 
623 
626 
628 
6.31 
6.37 
6.42 
6.48 
6.54 
6.60 
6.66 
6.72 
6.79 
6.85 
6.91 
6.98 
7.05 
7.12 
7.19 
7.30 

CORR. 
HEIGHT 

(in) 
5.977 
5.974 
5.971 
5.967 
5.965 
5.962 
5.956 

5.907 
5.885 
5.856 
5.832 
5.806 
5.783 
5.758 
5.707 
5.658 
5.605 
5.555 
5.507 
5.455 
5.407 
5.354 
5.303 
5256 
5.204 
5.157 
5.103 
5.053 
4.977 

s.929' ' 

DEV. 
STRESS 

(PO 
0.0 

%3.5 ' 

1204.3 
1399.8 
1552.9 
1693.9 
1932.9 

'2603.1 ' ' 
2944.6 
3136.5 
3251 .O 
3302.4 
3363.6 
3389.2 

3482.6 
35043 
3553.6 
3592.4 
3615.9 
3655.2 
3676.6 
3714.9 
3744.6 
3761.4 
3798.4 
3796.8 
3833.9 
3852.4 
387 1.4 

. 3436.2 

I I 

)EMATORIC STRESS 

SIGMA 1 
devstrecp 

(01) 

1296.0 
2259.5 
2500.3 
2695.8 
2848.9 
2989.9 
3228.9 

4240.6 
4432.5 
4547.0 
4598.4 
4659.6 
46852 
47322 
4778.6 
48003 
4849.6 
4888.4 
4911.9 
4951.2 
4972.6 
5010.9 
5040.6 
5057.4 
5094.4 
5092.8 
5129.9 
5148.4 
5167.4 

3899.1 : 

SIGMA 1 
EFF. 

( a l a  
1296.0 
1899.5 
2053.9 
22062 
2316.1 
24283 
2638.5 
3395.1 
38662 
4144.5 
4316.6 
44112 
45012 
4541.2 
4617.0 

4713.9 
4777.6 
4830.8 
4868.7 
4922.4 
49582 
5010.9 
5055.0 
5086.2 
5137.6 
5136.0 

5220.4 
5253.8 

W F E m n  

4617.8 

51m.5 

- 
SIGMA 3 

EFF. 

1296.0 
936 0 
849.6 
806.4 
7632 
734.4 
705.6 
792.0 
921.6 
1008.0 
1065.6 
1108.8 
1137.6 
1152.0 
1180.8 
11952 
1209.6 
1224.0 
1238.4 
1252.8 
12672 
1281.6 
1296.0 
1310.4 
1324.8 
13392 
1339.2 
1353.6 
1368.0 
1382.4 

PRrnC1 

&!!2 

- 

WATER CONTENT (%MOISTURE) 
WT SOIL &TARE, MOIST (g) 
WT SOIL &TARE, DRY (g) 

WT TARE (€9 
WT MOISTURE (g) 
W T  DRY SOIL (g) 
% MOISTURE 

EFF.PRN 
5TR RATIC 
(ail 033 

1 .oo 
2.03 
2.42 

' 2.74 
3.03 
3.31 
3.74 

420 
4.1 1 
4.05 

3.96 
3.94 
3.91 
3.91 

3.90 
3.90 
3.89 
3.88 
3.87 

3.86 
3.84 
3.84 
3.84 
3.83 
3.82 
3.80 

Emm 
4.29 

. 4 3  

3.98. 

3.90 

3.87 

1 

(P) 
1296.0 
1417.7 
1451.8 
I5063 
1539.7 
1581.4 
1672.1 
2093.6 
2393.9 
2576.3 
2691.1 
2760.0 
2819.4 
2846.6 
2898.9 
2936.5 
296 I .7 
3000.8 
3034.6 
3060.7 
3094.8 
3119.9 
3153.4 
3 182.7 
3205.5 

3237.6 
3270.6 
3294.2 
3318.1 

3,238.4 

1 

(0 
0.0 

481.7 
602.2 
699.9 
776.5 
847.0 
966.5 
1301.6 
1472.3 
1568.3 
1625.5 
1651.2 
1681.8 
1694.6 
1718.1 
1741.3 
1752.1 
1776.8 
1796.2 
1807.9 
1827.6 
1838.3 
1857.4 
1872.3 
1880.7 
1899.2 
1898.4 
1917.0 
1926.2 
1935.7 

TECF 
Q FAILURE RATIO Q FAILURE @ FAILURE pq 

REVIE 

(A) 
0 

037 
037 
0.35 
0.34 ' 

0.33 
0.31 
0.19 ' 

0.13 
0.09 
0.07 
0.06 
0.05 
0.04 
0.03 
0.03 
0.02 
0.02 
0.02 
0.01 
0.01 
0.00 
0.00 
0.00 

. 4.01 
-0.01 
4.01 
4.02 
4.02 
4.02 

PWMJSDk 
8W2004 



WLY 2004 043-2246-000: 

Effective initial 
Confining Dry 

TRIAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

I PROJECTNAME: ROCKY FLATSlFKELD AND LAB TESTMG/CO 
PROJECT NUMBER: 043-2246-0001 
SAMPLE ID: P F - 9  DEPTH: Sample Type: Bulk 

Initial 
Moisture 

5wo 

3 w o  

m 

n 

Specimen 
1 

STRESS-STRAIN CURVE I 

Pressure Density content 
(psf) ' @cf) ec, 
432 118.8 12.4 

2 
3 

0 2 4 6 8 10 12 14 16 18 

864 118.6 12.5 
1296 118.7 12.5 

Y o  STRAIN 

JSCS 

STRESS RATIO-STRAIN CURVES 
6 

5 

0 
0 2 6 8 10 12 14 16 18 

Yo STRAIN 

gravel, some silty clay. 

(sc) I 

0 1 4 6 8 10 12 14 16 I8 20 

Yo STRAIN 

FAILURE SKETCH 

o m  1 2 3 

Soil Description 
IBrown, COARSE TO FINE SAND, some fine 

I I I I 
Comments 
Sample was remolded to approx 95% of the 
Max. Dry De&ty, @ Opt. Moisture Content +2%. 

Failure based on effective stress ratio 
or 15% strain. 

REVIEW 

Golder Associates Inc. 



LJLY 2004 043-2246-0001 

TIUAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4761 a PROJECT NAME: 

SAMPLE ID: P F - 9  DEPTH: SampleType: Bulk 

ROCKY FLATSMIELD AND LAB TESTINGICO 
PROJECT NUMBER ‘ 043-2246-0001 

2 
3 

STRESS PATH 

864 118.6 12.5 
1296 118.7 12.5 

WTAL STRESS PARAMmR 

- - 117.9 psf 
EFFECTNE STRESS PARAMEIER 

a 
a 

a’ - 31.0 
a‘ - - 577 psf 

25.1 a - - 

- 

3000 

?DTALsIRpJGMPARAMETER 

C 133.4 psf 
4 

*EFRCTNESmWGM PARAMmR 

0 ‘  
C ‘  

- - 27.9 
- - 

- - 31.0 
- 7 2 2  psf - 

0 
0 loo0 Zoo0 3000 4000 5000 

NORMAL STRESS (psf) 
. .  

Saturation 
Sbaln Initial Before 
Rate Saturation Shearing 

Specimen (74) 6) cx) 
1 0.10 80.2 97.1 
2 0.10 80.5 97 3 
3 0.10 80.2 97.0 

Saturation 

Specimen 
0.10 80.2 97.1 
0.10 80.5 97 3 
0.10 80.2 97.0 

Soil Description 
Brown, COARSE TO FINE SAND, some fim 
gravel. SJnE silly clay. 

I 

LL PL PI 
1 - 1 - 1 - 1  
Comments 
Sample WBS ramlded to approx 95% of the 
Max Dry Density, @ Opt Mokhlre Content +2%. 

* Failure based on effective stress ratio 
or 15% strain. 

CHECK 
REVIEW 

Golder Associates Inc. 



Mohr data 

3501 3501 #NUM! I #NLJh4! 
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TIME 
0 

0.0 
0.5 
1 .O 
1.5 
2.0 
2.5 

'. - : .., 4.2 . _' , 

8.3 
12.5 
16.7 
22.5 
25.0 
29.2 
33.3 
41.7 
52.5 
58.3 
66.7 
75.0 
83.3 
91.7 
100.0 
108.3 
116.7 
125.0 
133.3 
141.7 
I50.0 
158.3 
166.7 

ROJECT TITLE 
ROJECT NUMBER 043-2246-0001 
AMPLE ID PF- IO 
AMPLE TYPE Bulk 
)EF'TH INTERVAL 

ROCKY FLATWIELD AND LAB TESTINGICO 

ACCUM. 
DEFLECT. 

(inches) 
O.OO0 
0.003 
0.006 
0.009 
0.012 
0.015 

0.050 
0.075 
0.100 
0.135 
0.150 
0.175 
0.200 
0.250 
0.315 
0.350 
0.400 
0.450 
0.500 
0.550 
0,600 
0.650 
0.700 
0.750 
0.800 
0,850 
0.900 
0.950 
1 .Ooo 

0.025 

MlTIAL SAMPLE DATA an in mnected CORRECTED SAMPLE DATA 
HEIGHT 
DIAMETER 
AREA 
VOLUME 

79.9 

4ACHINE SPEED (idmin) 
TRAM RATE (Ydmin) 
'ELL PRESSURE (psi) 
AMPLE PRESSURE (psi) 

30 
38 
43 
48 
50 
60 
69 
72 
74 
75 
75 
77 
79 
82 
85 
87 
90 
92 
94 
95 
97 
IO0 
102 
104 
105 
I07 
I10 

I14 
112 

0.006 WEIGHT (g) 
0.10 % MOISTURE 
83.0 SPECIFIC GRAVITY 
80.0 MOIST DENSITY (pcf) 

80.7 
81.0 
81.2 
81.4 
81.5 
81.5 
81.1 
80.7 
80.5 
80.2 
80.2 
80. I 
80.0 
79.8 
79.5 
79.4 
79.3 
79.1 
79.0 
79.0 
78.9 
78.8 
78.7 
78.7 
78.6 
78.5 
78.4 
78.4 
78.3 

,, (minutes) 

DU 

SATURATION 0.07 

Pwpcbaage 
DU 0 

(=I 
0.0 

1152 
158.4 
1872 
216.0 
230.4 

172.8 
115.2 
86.4 
43.2 
432 
28.8 
14.4 

'-14.4 
-57.6 
-72.0 

. m . 4 , .  

-86.4 
-1152 
-129.6 
-129.6 
-144.0 
-158.4 
-172.8 
-172.8 
-187.2 
-20 1.6 
-216.0 
-216.0 
-230.4 

SIGMA 1 
dewtrtep 

(01) ' 

432.0 
786.3 
974.9 
1092.6 
12102 
1256.9 
1490.9 ':_ 

1697.3 
1762.0 
1802.9 
1817.8 
1814.3 
18543 
1893.8 
1949.2 
19992 
2034.1 
2086.0 
2115.0 
2143.2 
2149.1 
2175.9 
2222.9 
2247.9 
22722 
2275.1 
2298.0 
2340.1 
2361.2 
2381.5 

.. . 

E 

% STRAm 

0.00 
0.05 
0.10 
0.15 
020 
025 
0.42 
0.83 
I .25 
1.67 
225 
2.50 
2.92 
3.33 
4.17 
525 
5.83 
6.66 
7.50 
8.33 
9.16 

10.83 
11.66 
12.50 
13.33 
14.16 
15.00 
15.83 
16.66 

(%I 

IO.? 

' 

(1-4 

1 .00 
1 .00 
1 .OO 
1 .oo 
1 .00 
1.00 ' 

I .oo 
0.99 
0.99 
0.98 
0.98 
0.98 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
0.93 
0.92 
0.91 
0.90 
0.89 
0.88 
0.88 
0.87 
0.86 
0.85 
0.84 
0.83 

COW 
AReA 
(in 2) 
6.09 
6.10 
6.10 
6.10 
6.1 1 
6.1 1 
6.12 
6.15 
6.17 
6.20 
6.23 
625 
6.28 
6.30 
6.36 
6.43 
6.47 
6.53 
6.59 
6.65 
6.71 
6.77 
6.83 
6.90 
6.96 
7.03 
7.10 
7.17 
724 
7 3  I 

IEVIATO 

CORR. 
HEIGHT 

6.002 
5.999 
5.996 
5.993 
5.990 
5.987 
5.971 
5.952 
5.927 
5.902 
5.867 
5.852 
5.827 
5.802 
5.752 
5.687 
5.652 
5.602 
5.552 
5.502 
5.452 
5.402 
5.352 
5302 
5.252 
5.202 
5.152 
5.102 
5.052 
5.002 

c STRES 

(in) 

'DEV. 
STRESS 

0.0 
354.3 
542.9 
660.6 
7782 
824.9 
10S8.9 . 
12653 
1330.0 
1370.9 
1385.8 
1382.3 
1422.3 
1461.8 
1517.2 
1567.2 
1602.1 
1654.0 
1683.0 
1711.2 
1717.1 
1743.9 
1790.9 
1815.9 
1840.2 
1843.1 
1866.0 
1908.1 
19292 
1949.5 

04 

SIGMA 1 
EFF. 

(0lW 
432.0 
671.1 
816.5 
905.4 
994.2 
1026.? 

1524.5 
1646.8 
1716.5 
1774.6 

1825.5 
1879.4 
1963.6 
2056.8 
2106.1 
2172.4 
22302 
2272.8 
2218.7 
2319.9 
2381.3 
2420.7 
2445.0 
2462.3 
2499.6 
2556.1 
25772 
2611.9 

; .1260.5 ' '  

1ni.i 

SIGMA 3 
EFF. 

(lJ3-W 
432.0 
316.8 
273.6 
244.8 
216.0 
201.6 
20 I .6 
259.2 
316.8 
345.6 
388.8 
388.8 
4032 
417.6 
446.4 
489.6 
504.0 
518.4 
5472 
561.6 
561.6 
576.0 
590.4 
604.8 
604.8 
6192 
633.6 
648.0 
648.0 
662.4 

PIUNCIP EFFECIT 
-1 RATIO Q FAILURE 

DRY DENSITY, calc (pcf) 
VOLUME OF SOLIDS 
VOLUME OF VOIDS 
VOID RATIO 

~~ 

116.1 
413.18 
186.23 
0.45 I 

WATER CONTENT (%MOISTURE) 
WT SOIL &TARE, MOIST (g) 
WT SOIL &TARE, DRY (9) 
WT TARE (g) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
%MOISTURE 

EFFPRN 
STR RATIO 

1 .oo 
2.12 
2.98 
3.70 
4.60 
5.09 

' 6.25,. 
5.88 
5.20 
4.97 
4.56 
4.56 
4.53 
4.50 
4.40 
4.20 
4.18 
4.19 
4.08 
4.05 
4.06 
4.03 
4.03 
4.00 
4.04 
3.98 
3.95 
3.94 
3.98 
3.94 

( 0 I Y  0;) 

E STRESS 
6.251 

1 

(PI 
432.0 
493.9 
545.1 
575.1 
605.1 
614.1 
73 1.0 
891.9 
981.8 
1031.0 
1081.7 
1079.9 
I 1  14.3 
1148.5 
1205.0 
1273.2 
1305.0 
1345.4 
1388.7 
1417.2 
1420.1 
1447.9 
1485.9 
1512.8 
1524.9 
1540.8 
1566.6 
1602.1 
1612.6 
1637.1 

1 

(Q) 
0.0 

177.1 
271.5 
330.3 
389.1 
412.5 

632.7 
665.0 
685.4 
692.9 
691.1 
711.1 
730.9 
758.6 
783.6 
801.0 
827.0 
841.5 
855.6 
858.5 
871.9 
895.5 
908.0 
920.1 
921.6 
933.0 
954.1 
964.6 
974.7 

529.4 

TECH 
@ FAILURE p K i q  Q FAILURE DATE 

(A) 
0.00 
0.33 
0.29 
0.28 
028 
0.28 
0.22 
0.14 
0.09 
0.06 
0.03 
0.03 
0.02 
0.01 
4.01 
4.04 
4.04 
4.05 
4.07 
4.08 
4.08 
4.08 
4.09 
-0.10 
4.09 
4.10 
4.11 
4.1 I 
4.1 I 
4.12 ' 

PWWSDM 
8/22/04 + 
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COJECT TITLE 
lOJECT NUMBER 043-2246-0001 
W L E  ID PF- IO 
W L E  TYPE Bulk 
EPTH MTERVAL 

ROCKY FLATSEIELD AND LAB TESTING/CO CORRECTED SAMPLE DATA 
15.253 6.005 5.988 DRY DENSITY, calc (pct) 
7.087 2.190 2.780 . VOLUME OF SOLIDS 

VOLUME OF VOIDS 
VOID RATIO 

INITIAL SAMPLE DATA 
HEIGHT 
DIAMETER 
AREA 
VOLUME 601.61 36.71 36.35 '. 

ACHME SPEED (in/&) ' 

r u m  RATE (w-1 
ELL PRESSURE (psi) 
W L E  PRESSURE (psi) 

0.006 WEIGHT (9) 1262.28 1291.28 
0.10 %MOISTURE ' 

89.0 SPECIFIC GRAVITY 
80.0 MOIST DENSITY @ct) 130.9 

(1-4 

1.00 
1 .00 
1 .00 
1 .OO 
1 .00 
I .00 
1.00 
0.99 
0.99 
0.98 
0.98 
0.97 
0.97 
0.97 
0.96 
0.95 
0.94 
0.93 
0.92 
0.92 
0.91 
0.90 
0.89 
0.88 
0.87 
0.87 
0.86 
0.85 
0.84 
0.83 

CORR. 
AREA 
(in 2) 
6.07 
6.07 
6.08 
6.08 
6.08 
6.09 
6.10 
6.12 
6.15 
6.17 
620 
6.23 
6.25 
6.28 
6.33 
6.39 
6.45 
6.50 
6.59 
6.62 
6.68 
6.75 
6.81 
6.87 
694 
7.01 
7.07 
7.14 
7.21 
7.29 

WATERCONTENT (% MOISTURE) 
WT SOIL & TARE, MOIST (9) I 1291.28 I 
WT TARE (9) 
WT MOISTURE (g) 
WT DRY SOIL (g) 
% MOISTURE 

. -.. I 
NAL "B" VALUE Mounting M & o d v l  VOID RATIO 

SATURATION 77.2 ,(minutes) I 
~~ ~~ 

ACCUM. 
DEFLECT. 

(inches) 
O.Oo0 
0.003 
0.006 
0.009 
0.012 
0.0 I5 
0.025 
0.050 
0.080 
0.100 
0.125 
0.150 
0.175 
0.200 
0.250 
0.300 
0.350 
0.400 
0.475 
0.500 
0.550 
0.600 
0.650 
0.700 
0.750 
0.800 
0.850 
0.900 
0.950 
I .Oo0 

6 

% STRAIN 

0.00 
0.05 
0.10 
0.15 
0.20 
025 
0.42 
0.84 
I .34 
1.67 
2.09 
2.51 
2.92 
3.34 
4.18 
5.01 
5.85 
6.68 
7.93 
835 
9.19 
10.02 
10.86 
11.69 
12.53 
1336 
14.20 
15.03 

16.70 

0 

15.87 

CORR. 
HEIGHT 

5.988 
5.985 
5.982 
5.979 
5.976 
5.973 
5.963 
5.938 
5.908 
5.888 
5.863 
5.838 
5.813 
5.788 
5.738 
5.688 
5.638 
5.588 
5.513 
5.488 
5.438 
5388 
5338 
5.288 
5.238 
5.188 
5.138 
5.088 
5.038 
4.988 

IC S T W  

(in) 

DEV. 
STRESS 

0.0 
521.7 
829.5 
1231.8 
1467.9 
1585.5 
1937.2 
2376.1 
2551.4 
2589.4 
2601.6 
2590.5 
2579.4 
25683 
2591.6 
2614.1 
2613.5 
2634.6 
2642.9 
2652.6 
2671.6 
2689.7 
2685.9 
2702.6 
2718.6 
27132 
2788.8 
2781.8 
2774.5 
2786.4 

@s9 

SIGMA 1 

(all 
1296.0 
1817.7 
2125.5 
2527.8 
2763.9 
2881.5 
32332 

3847.4 
3885.4 
3897.6 
3886.5 

3864.3 
3887.6 
3910.1 
3909.5 
3930.6 
3938.9 

' 3948.6 
3967.6 
3985.7 
3981.9 
3998.6 
4014.6 
40092 
4084.8 
4077.8 
4070.5 
4082.4 

. 'MR.I': .  

3875.4 

SIGMA 1 
EFF. 

1296.0 
I5873 
1779.9 
2067.0 
22 16.7 
2291.1 
25852 

33722 
3439.0 
3480.0 
34833 
3486.6 
3489.9 
35132 
3550.1 
3549.5 
3585.0 
3607.7 
3617.4 
3650.8 
36833 
36795 
3696.2 
3726.6 
372 I .2 
38112 
3804.2 
3796.9 
3823.2 

0 

' 3096.l..,.' 

cmcrn 

SIGMA 3 
EFF. 

1296.0 
1065.6 
950.4 
835.2 
748.8 
705.6 
648.0 
720.0 
820.8 
849.6 

892.8 
9072 
921.6 
921.6 
936.0 
936.0 
950.4 
964.8 
964.8 
9792 
993.6 
993.6 
993.6 
1008.0 
1008.0 
1022.4 
1022.4 
1022.4 
1036.8 

PRINCIP 

(CwJJ-l 

878.4 

EFFPRN 
iTR RATIO 

0 3 7  

1 .00 
I .49 
I .87 
2.47 
2.96 
325 
3.99 
430. , 
4.1 1 
4.05 
3.96 
3.90 
3.84 
3.79 
3.81 
3.79 
3.79 
3.77 
3.74 
3.75 
3.73 
3.71 

. 3.70 
3.72 
3.70 
3.69 
3.73 
3.72 
3.71 
3.69 

'WP changa 

DU @sf) 

0 
0.0 
230.4 
345.6 
460.8 
547.2 
590.4 
648.0 
516.0 
4752 
446.4 
417.6 
4032 
388.8 
374.4 
374.4 
360.0 
360.0 
345.6 
3312 
3312 
316.8 
302.4 
302.4 
302.4 
288.0 
288.0 
273.6 
273.6 
273.6 
2592 

PORE 
PRESS. 

80.5 
82.1 
82.9 
83.7 
84.3 
84.6 
85.0 
84.5 
83.8 
83.6 
83.4 
83.3 
83.2 
83.1 
83.1 
83.0 
83.0 
82.9 
82.8 
82.8 
82.7 
82.6 
82.6 
82.6 
82.5 
82.5 
82.4 
82.4 
82.4 
82.3 

(psi)-v 

AXIAL 
LOAD 

18 
40 
53 
70 
80 
85 
100 
119 , 

127 
I29 
130 
130 
130 
130 
132 
134 
I35 
137 
139 
140 
142 
144 
145 
147 
149 
150 
155 
156 
I57 
159 

(IW 

1 

0 
1296.0 
1326.4 
13652 
1451.1 
1482.8 
1498.4 
1616.6 
1908.1 ' 
2096.5 , 

2144.3 
2119.2 
2188.1 
2196.9 
2205.8 
2217.4 
2243.0 
2242.7 
2261.1 
2286.2 
2291.1 
2315.0 
2338.4 
2336.5 
2344.9 
2367.3 
2364.6 
2416.8 
24133 
2409.6 
2430.0 

1 

(Q) 
0.0 
260.8 
414.8 
615.9 

. 734.0 
792.8 
968.6 
1188.1 
1275.7 
1294.7 
1300.8 
1295.3 
1289.7 
12842 
1295.8 
1307.0 
1306.7 
1317.3 
1321.4 
1326.3 
1335.8 
1344.8 
1342.9 
1351.3 
1359.3 
1356.6 
1394.4 
1390.9 
1387.2 
1393.2 

TECE 

TIME 
(m 
0.0 
0.5 
1 .o 
I .5 
2.0 
2.5 
4.2 

13.3 
16.7 
20.8 
25.0 
29.2 
333 
41.7 
50.0 
58.3 
66.7 
79.2 
83.3 
91.7 
100.0 
108.3 
116.7 
125.0 
133.3 
141.7 
150.0 
158.3 
166.7 

1 83' :.. 

(A) 
0 

0.44 
0.42 
0.37 
0.37 
0.37 
0.33 
.0.24 
0.19 
0.17 
0.16 
0.16 
0.15 
0.15 
0.14 
0.14 
0.14 
0.13 
0.13 
0.12 
0.12 
0.1 I 
0.11 
0.11 
0.1 1 
0.1 I 
0.10 
0.10 
0.10 
0.09 

PWWSDM 
8RR004 

I 
DEVlATO 

@ FAILURE -576.01 @ FAILURE 
OU <STRESS 

4301 -1 RATIO @ FAILURE 



ULY 2004 043-2246-0001 

Specimen 

1 
2 
3 

TRLAXIAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE 
ASTM D 4767 

PROJECT NAME: 

SAMPLE ID: PF - 10 DEPTH: Sample Type: Bulk 

ROCKY FLATSMELD AND LAB TESTINGKO 
PROJECT NUMBER 043-2246-0001 

I 

initlal Effective lnftial 
Confining Dry Moisture 
Pressure Density content 

(psf) Wf) v.1 
432 115.6 13 2 
864 115.8 13.3 
I296 115.9 13.0 

STRESS-STRAIN CURVE 
5000 

4000 

3000 

loo0 

0 
0 2 4 6 8 10 12 14 16 18 20 

Yo STRAJN 

STRESS RATIO-STRAIN CURVES 

0 2 4 6 8 10 12 14 - 16 18 20 

Yo STRAIN 

I000 

3 -500 

-1000 

PORE PRESSURESTRAIN CURVE 

- 2  

0 2 4 6 8 10 12 I4 16 18 20 

O h  S T M  

I FAILURE SKETCH 

Soil Description 
Brown, COARSE M FINE SAND, some fine 
gravel, some silty clay. 

JSCS 

LL PL PI 
I I I 1 
Comments 
Sample \has remolded to approx 95% of the 
Max. Dry Density, @ Opt Moisture Conlent +2%. 

Failurc based on effective stress ratio 
or 15% strain. 

I CHECK 
REVIEW 

Golder Associates lnc. 



KJLY 2004 043-22464001 

TRIAXJAL COMPRESSION TEST - CONSOLIDATED UNDRAINED WITH PORE PRESSURE * ASTM D 4767 

PROJECTNAME: 

SAMPLE ID: PF - 10 DEPTH: SampleType: Bulk 

ROCKY FLATS/FIELD AND LAB TESTING/CO 
PROJECT NUMBER 043-22464001 

I 'TQTAL STRESS PARAMEER 

STRESS PATH 

*lWTALSlRENGMPARAMETER 

0 loo0 ' 2000 3000 4Ooo 

P (GI+ UJ / 2 (psf) 

236' - - a 
a 128.0 psf 

a' - 
a '  = 1207 psf 

- - 
EFFECTNE STRESS PARAMmR 

29.3 - 

- - 25.9 ' 
C 142.3 psf 
+ 
*EFFECTIVE SIRB(GM PARAMmR 

4 '  
C '  

- - 

34.1 . 
145.7 psf 

- - 
- - 

MOHR STRESS CIRCLES . . . .  . 

y = 0.4858~ + 14226 

0 1000 2oM) 3000 

NORMAL STRESS (psf) 

1 432 115.6 13.2 
2 864 115.8 13.3 
3 12% 115.9 13.0 

Speclmen 
0.10 96.2 
0.10 78 6 91. I 
0 10 712 95 I 

Soil Description 
l B m q  COARSE TO FINE SAND, cam fine I 

JSCS (SC) I I 

LL PL PI 
1 - 1 - 1 - 1  
Comments 
Sample was remolded to approx 95% of the 
Max Dry Density. @ Opt Mokturc Content +2%. 

Failure based on effective stress ratio 
or 15% strain. 

REVIEW """F 
I 

Golder Associates Inc. 
~ 



-For Submittal of Shop Drawings, Equipment Data, Material Samples,- 
Manufacturer's Certificates of Compliance, or  Other 

(Read Instructions prior to initiating this form.) 

Section I 

Mr. Bob Davis Paul Kreitz 

10808 Highway 93, Unit B Bldg 116 

From: 

S.M. Stoller Corporation 
990 South Public Road, Suite A 

Specification Sec. No. (Cover only one section with each Submittal) 

X New Submittal 
Date: 7/30/04 

Resubmittal 

Item 
No. 

a. 

Description of Item Submitted 
(Type, size, model number, etc.) 

1 

MFG. Or  Contr. Cat., Curve 
Drawing or Brochure No. 

(See Instruction #8) 

Deviation 
(See Instruction 

#6) 

b. 1 C. 

Contractor 
Action Code 

(See Instruction #9) 

Site Plan -Temporary Construction 
Facilities 

NIA 

I 

- .. . .. . . . ' #  - .  - .. 
__I 

LLOWING ITEMS (This section to be initiated by the Subcontractor) 

Subcontract No: KH020577 
I Submittal No. 21 

Previous Submittal No. 20 

Project Title: Construction of the Present Landfill Accelerated Action 

No. of 
Copies 

d. 

4 

Contract Reference 
Doc 

Spec. 
Paragraph No. 

e. 

01500 Temporary 
Construction 

Facilities 

nent 
Drawing 
Sheet No. 

f. 

NIA 

I certify that the 

NIA 

I 

I 
love submittal items have been received Remarks 

mw THE PUNS AN 
c m  WITH THE INFORMATION GIVEN WEREIN. 
THE CONTRACTOR IS RESPONSIBLE FOR CONFIRMA 
r#)N AND CORRELATION OF ALL DIMENSIONS AT THE 
CONSTRUCnON SITE; FOR INFORMATION THAT 
PERTAINS SOLELY TO FABRICATION PROCESSES OR TO 
T€CHNIQUES OF CONSTRUCTION; AND FnQ - 
L 

m. 
&Reviewed Section 11 by: 
I 

in detail and are correct and in strict conformance with the 

Signature of Shbcontractor: 

Enclosures Returned (List by Item No.): Title and Signature of Accepting Authority: Date: 
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Construction of the Present Landfill Accelerated Action, Contract No. KH020577 

Rocky Flats Environmental Technology Site 

Site Plan 

07/29/2004 

I .O Introduction 
Rocky Flats Environmental Technology Site (RFETS) is located on a 6,550-acre 
site, approximately 16 miles northwest of Denver, Colorado, in northern Jefferson 
County. With suspension of weapons production operations at RFETS in 1989, 
and subsequent discontinuation of the Site’s nuclear weapons production 
mission in 1991 , activities at RFETS have been re-directed to support Site 
cleanup and closure. 

As part of the Site cleanup and closure, the interim cover to the Present Landfill 
is to be replaced with an engineered landfill cap. In accordance with 
Specification No 01500 - Temporary Construction Facilities, a Site Plan is to be 
generated which indicates the proposed location and dimension of any areas to 
be graveled and used by the Subcontractor. Elements of the Site Plan include 
the number of trailers to be used, avenues of ingresdegress, details of the fence 
installation, graveled employee parking areas to prevent the tracking of mud, the 
use of supplemental or other staging areas and operational (power, trash, 
portable restroom) logistics. Details of each of the elements are described in the 
fo I lowi ng narrative. 

This Site Plan presents the requirements detailed in Specification Section 01 500 
- Temporary Construction Facilities, a copy of which is presented in Appendix A. a 
2.0 Site Description 
The Present Landfill is located immediately due north of the Industrial Area of 
RFETS. The landfill area encompasses approximately 22.1 acres and the 
project area, including the Subcontractor Staging Area will encompass a total of 
approximately 30 acres. 

The landfill was placed into service in August 1968 for the disposal of 
uncontaminated solid wastes, including office trash, paper, rags, personal 
protective equipment, construction and demolition debris, scrap metal, empty 
waste containers, used filters, and electrical components. The Present Landfill 
remained in operation until March 1998, at which time a soil cover was placed 
and seeded to stabilize soils pending final closure with an engineered cap or 
cover. The landfill is a Resource Conservation and Recovery Act (RCRA) interim 
status unit that must be closed with the installation of a Subtitle C type cover. 

Prepared by The S.M. Stoller Corporation Page 4 



Site Plan 

07/29/2004 

Construction of the Present Landfill Accelerated Action, Contract No. KH020577 
Rocky Flats Environmental Technology Site 

3.0 General Requirements 

Subcontractor laydown yards will be located at the western end of the project 
area at two locations. The southeast laydown yard will be closest to the work 
area and will have a lunch trailedmeeting room, office trailer, three restrooms, 
one hand wash station, one generator, and a household trash dumpster. The 
second, westernmost laydown yard, here-in-after referred to as the field office 
trailer yard, will have three office trailers, two restrooms, one hand wash station, 
two generators and a household trash dumpster. Visitor sign-idsign-out sheets, 
access control points, health and safety briefings and project administration will 
occur at the field office trailer area. 

Both laydown yards will be graveled and will provide for employee parking. 

A temporary fuel depot center will be erected to the south of the field office trailer 
yard. The fuel depot will be bermed with an impervious, one-piece liner placed 
within the bermed area. 

A vehicle clean-up area to control mud from dirt surfaces to paved surfaces will 
be located next to the fuel depot center. Hand tools to remove excess mud from 
vehicle tires and vehicle wheel wells will be provided. 

Liner material for the landfill cover will be staged at three different areas around 
the perimeter of the Present Landfill. The liner staging areas will be located on 
the southwest, northwest, and north sides of the landfill. Each of the staging 
areas will be graveled. The liner material will not be allowed to rest directly on 
the ground surface but will be supported entirely on pallets or similar material that 
will keep the rolls of liner off of the ground. 

Figure 1 .O presents the locations of the laydown yards, haul roads, proposed 
roadway signage, weigh station and security check location, and liner material 
staging areas. 

4.0 Availability and Use of Utility Services 

Electricity from RFETS will not be provided. Contractor project specifications 
require that self-contained generators be brought on-site to provide sufficient 
power for heating, air conditioning, lights, instrument calibration, etc. Two 
generators will be located at the field office trailer area and one generator will be 
located at the laydown yard area. 

-. . 
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Site Plan 

07/29/2004 
Construction of the Present Landfill Accelerated Action, Contract No. KH020577 

Rocky Flats Environmental Technology Site 

A temporary fuel depot center will be erected to the south of the field office trailer 
area. The fuel depot will be benned with an impervious, one-piece liner placed 
within the bermed area. Each of the self-contained generators at the staging 
areas will be placed within shallow pans that will provide for secondary 
containment. 

Site sanitation will 'be through the use of portable toilets. Sufficient individual 
portable toilets will be provided for each gender at both the field office trailer yard 
and the second laydown yard. The portable toilets will be serviced on a regular 
or as needed basis. 

Hand-wash stations will be located outside each group of portable toilets and will 
provide fresh water, disinfecting soap, and paper towels. The hand-wash 
stations will be foot pump operated and rinse water will be retained within the 
hand-wash station. 

Telephone service will not be provided by RFETS. Wireless cell telephones will 
be used for all communication, email, and faxes. Radios will be provided by 
RFETS that will allow for emergency communication with RFETS personnel and 
for receiving of emergency notices. 

5.0 Bulletin Board and Project Sign 

A glass-covered bulletin board will be constructed and posted adjacent to the 
lunch room trailer. The bulletin board will measure not less than 36-inches by 
48-inches in size for displaying Equal Employment Opportunity poster, wage 
decision documents, and other information provided by Kaiser Hill, LLC (KH). 
Upon completion of the Present Landfill project, Stoller will remove the bulletin 
board. 

A project sign will be erected within 15 days of notice to proceed. The sign will 
be located adjacent to the field office trailers and will provide for safety signage. 
The project sign will be of similar size to the bulletin board. Upon completion of 
the Present Landfill project, Stoller will remove the project sign. 

6.0 Protection and Maintenance of Traffic 

The Centennial Pit, the primary source for native material for the landfill cover, is 
located approximately two miles southwest of the Present Landfill. The haul 
roads will be posted with speed limit signs and appropriate traffic warning signs 
at all intersections with general public roads. The maximum speed limit will be 
25 miles per hour (mph) at all times with slower speeds at posted locations. Haul 
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road routes to and from the Centennial Pit have been identified and are 
presented on Figure 1 .O. Due to the narrow nature of the existing roads, truck 
traffic flow direction to and from the pit has been segregated to the extent 
possible to allow for increased safety. Road upgrades will be made to safely 
accommodate anticipated traffic. 

A secondary source for aggregate material will be a stockpile of Rocky Flats 
Alluvium identified on Figure 1.0. This material will be transported to the Landfill 
using scrapers. The haul route for these is shown on Figure 2.0. Issues 
associated with using scrapers to haul this material include wear and tear on the 
roads and access to the alluvium stockpile. The asphalt section of the road will 
require special attention to allow scraper travel. The asphalt will be destroyed 
unless preventative measures are taken prior to scraper travel. A motor grader 
will constantly maintain the dirt roads during scraper use. Required access to the 
alluvium stockpile will be determined well in advance of when scrapers are to be 
used. 

An environmentally-friendly dust suppression agent (water or chemical) will be 
applied to the road surface to minimize the generation of dust. Sufficient lighting 
through the use of mobile light-plants will be provided on an as-needed basis 
should work continue past dusk. 

A weigh station/security check station will be erected at the western property line 
of RFETS to record the weights for each truck leaving the Centennial Pit destined 
for the Landfill. Haul trucks will be individually weighed and recorded 'as to the 
date and time of entry. RFETS badges will be checked prior to entry into the 
property. 

Upon completion of the project, the haul roads will be restored and revegetated 
to the extent necessary to return them to their pre-improvement condition. The 
weigh stationkecurity check station will be removed and property boundary 
fencing will be replaced. 

7.0 Contractor/Su bcontractor's Temporary Facilities 

The laydown yard and the field office trailer yard will be graded level, well- 
drained, compacted with a gravel surface. An area of 100 feet by 100 feet will be 
set-aside for each trailer at each yard. Figure 3.0 presents a detail plan view of 
the laydown yard and office trailer yard showing the proposed location and 
orientation of the office trailers, generators, fuel depot, graveled parking lot and 
restroomdhand-wash stations. 

Trailers will be neat in exterior appearance with stairs and handrails to allow 
ingress and egress. Each trailer will be tied down through the use of cement 
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jersey barriers. If trailer skirting is not installed around each trailer, then the 
undersides of each trailer will be inspected weekly for debris, trash, etc. 
Lightning protection will be installed on each trailer and appropriately sized fire 
extinguishers installed within each trailer. 

Temporary self-contained generators will provide power to each of the two yards. 
The generators will be placed in a shallow pan for secondary containment. 

Access control fencing will be erected between the field operations trailer yard 
and the lunch trailer/laydown yard. Personnel visiting and entering the project 
area will need to sign-in at the field operations trailer yard and receive a daily 
safety briefing before passing through the control fencing and into the landfill 
project area. 

8.0 Cleanup 

Construction debris, packaging material and waste materials will be placed in the 
dumpsters or removed on a daily basis. Any dirt or mud that is not removed at 
the Clean-up Facility and is tracked onto paved surfaces will be cleaned away 
daily. All salvaged or stored material will be neatly stacked when stored. 

9.0 Restoration of Storage Area 

Upon completion of the project, demobilization of equipment will commence. 
Heavy equipment, trailers, generators, dumpsters, and portable toiletdhand- 
wash stations will be removed. Gravel used at the storage yards will be either 
scraped up and removed or tilled into the native soil, and the berms created for 
the fuel depot will be knocked down and regraded. The staging yards and haul 
roads will be regraded and all disturbed areas will be revegetated. 
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CIAL NO- N: Though current techniques appear simple, the a 
importance of properly placed seals cannot be oversteted. These products 
ehould be applied by GROUND WATER PdlOFESSIONALS ONLY. A poorly 
eealed hole is a worse condition than no seal at all!!! 

HOLE ABANDONMENT 

CASING SEALS 

GROUNDING RODS 

HEAT PUMP CONDUCTOR HOLES 

FLOWING HOLES 

u1w).88n. WYO-BEN, INC. o P. 0. Box 1979 

Gives high concentration of solids for hole 
wuiuuuw una cllslng seals. 
More effective seal than cement. 

When contactcd by water, forms a flexible semi-solid 
gel - l'k I emass. 

Falls through standing water. 

More expansion fills into formation voids limiting 
water movement. 

Prevents surface water from migrating downward. 

0 Bill@, Montana 59103 o 800-548-7055 o 406-652-6351 



ENVIROPLUG@ MEDIUM and COARSE were the FIRST bentonite chips developed and marketed. They are pure 
Wyoming bentonite designed for use as sealants for hole abandonment, casing seals or any vertical seal to prevent 
water movement up or down a bore hole. When absorbing water, ENVIROPLUGa MEDIUM and COARSE swell to 
fill voids, exerting pressure against all surfaces to create a flexible low permeability sed. In most conditions a Sed 
capable of stopping fluid migration is established within 1 hour. Since ENVIROPLUG@ is introducod in a "dry" 
state, shrinkage cannot occui. and there is a reserve expansion capacity. 

HOLE OrJMENT A m  APPLICATION C vUIDELINIES 

ENVTROPLUG@COARSE has be& used for abandoning drill holes since 1983. It easily falls through standing water 
and thin drilling fluids filling the column From thebottom upward. A fall rate of i foothecond canbe expected. It has 
been successfully applied through water to depths of over 1600 feet. 

Always know the hole you ore going to abandon. Gather as much information as possible: Depth? Diameter'? 
Formations intersected? Water producing zones? Casing? Before starting. verify the depth!! Using B bob or other 
weight, c o a m  t h e  dopth and calculate the volumes needed. Periodically during the sealing process, measure the 
advancement up the hole. Compare with calculated volumes. Consult local regulations before boginning any 
abandonment procedure. 

CASED HOLES OR UNUSED HOLES: For decommissioning 
cased or uncased holes larger than 3" diameter, use 
E W O P L U G @  COARSE. If static water is present, pour chips 
from the bag at a rate of 1% to 2 minutes per 50 pounds. A funncl- 
ingdevice witha 2" opening canbeuscdto insure a constant flow 
of material into the hole. Should the water level be quite low a 
screen can be used to drop out "fines" from thc material 
before entering the hole. 

Holes less than 3" in diamoter use ENVIROPLUCh MEDIUM. 
The technique is the same but a funnel with a I" to 1%'' opening is 
recommended to regulate the flow, Holcs with less than a 1" 
diameter should be plugged with a pumpable materiel such as 
ENVIROPLUG@ GKOUT or GROW-WEU DF. 

"STAGING, ENVIROPLUCh: Some regulatory agencies allow 
for staging of plugs throughout the bore hole. This can be done by 
alternating sections of ENVIROPLUG@ MEDIUM or COARSE 
with pea gravel, cement grouts, ENVIROPLUGe GROUT, or 
sand. Positioning of the ENVTROPLUW chips is critical to an 
effective seal, however. The ENVIROPLUGQ chips should be 
placed a minimum of IO' below to 10' above any water bearing or 
unstable formations, 



flANDOMN G DUG WELLS, * Completely filling dug wells with bentonite chips can be very expensive and 
unnecessary. To economically decommission end stabilize dug wolls, ENVIROPLUGa COARSE should bc placed 
from the bottom section upward to 3 feet abovo the water bearing zone. Alternate sections of sand, fine gravel, or clay 
upward with a 12" layer of ENVIROPLUGdOARSE or MEDIUM every 5 to 6 feet. 

Envlropluga 
Medium 

Enviropluge 
Coarse 

Any of the above mcthods shourd be finished off approximately 3 feet below the surface, then filled with native soil 
or cement depeading upon local regulatory requirements. 

-3/8* + 114' 68#lff 15% +. 2 I x loQ cmisec 

-3(4' i- 3(8' 64#lH' 15% z 2 I x 10' cmbec 

. SEALING C f i w  Slowly pour ENVIROPLUGa hlJZDIUM into 
' annulus and allow to drop to the gravel pack. For bentonite pouling. 

continue to pour ENVIROPLUh MEDNM directly into annulus, 
alternating horn one side OF the casing to the other. This aids in even 
distribution of particles around the casing. To avoid bridging problems 
pour at a rate of 1% to 2 minutes per bag. If available, a Funnel-type 
dcvice witha 1W'bottom opening has proven very successful in regulat- 
ing the How into the hole and thus reducing the chances for bridging. 
When used in conjunction with pumpable gouts, MEDIUM can be used 
immediately above the sand or gravel pack and at the top of the hole for a 
more rigid seal. In unsaturated zones. ENVIKUYLUM W I U M  or 
COARSE can be added to the column, followcd by the addition of 
fresh water. 

3 R CO OKH LES: A 
drilling a 4%" to 5" diameter hole the desired depth, simply center th 
grounding rod with the ground wire attached or the circulating loop 
from the heat pump in the bore hole. In the case of a wet hole condition, 
pour ENVIROPLU& MEDIUM slowly (1%-2 minutes per bag) down 
the bore alternating each bag from one side of the hole to the other. 
In dry hole conditions, fill the hole wilh water, then ad3 the 

ENVIROPLUGa MEDIUM displacing the water upward. If the water dissipates into formations while filling the 
hole, continue to add water while adding ENVIROPLUGsMJEDmM until the hole is sealed. 

%) 

SEX$MIC SHOT HOLES: After the hole is drilled and charge is placcd. pour ENVIROPLUGBCOARSE slowly into 
the hole (llh to 2 minutes per bag). In wet hole conditions add enough ENVIROPLUG COARSE to fill up to t h e  
static wator level. In a dry hole, add 2 to 4 bags directly over charge. Where auger drills are used or where water is 
injected. pour 2 bags per 50 feet of hole depth. 
Using BNVSROPLU-COARSE as recommended: 

Virtually eliminates hole blowout 
Eliminates return trip to the line after shooting 
Improves seismic shot data 

PRODUCT SP- 
I I 

Permeeblllty I Moisture I Content 
Bulk Density I I Sldng 
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TYPICAL E.P. TOXICITY ANALYSE 

E.P.A. Standard 'Qpicel hrlyr lc  
lpprnl Ippml 

Araenic 5 .o <O.l 
Barium 100.0 0.5 

Cadmium 1.0 <o.os 
Chromium 5.0 t0.1 
Lcrd 5.0 <O.l 
Mercury 0.2 < 0.02 

Salenlum 1 .O < 0.05 

Sllver 6.0 t0.1 

e1.4 
18.1 

3.5 
2.3 
1.7  

.I 

.2 

.IO 

.07 
?.6 
4.4 

APPLICATION RATE FOR ENVIROPLUW' PRODUCTS 
The Chart below gives approximate Application Rates for ENVIROPLUGa COARSE, MEDIUM, AND GROUT in 
Abandonment Operations. Since no hole is perfectly in-guage actual application rates will vary. 

ENVIROPLUG COARSE weighs approximately 64 Ibs/cu. ft. 
ENVIROPLUGaMEDIUM weighs approximately 68 lbslcu, ft. 
ENVIROPLUGa9GROUT yields 17 gallone of slurry when mixed at 30% solids. 

ENVIROPLUGQMEDIUM and COURSE should bs applied at about 2 minutes per  bag. Product flow into the hole 
can be regulated through a funnel device with a 1%'' to 2" orifice. 
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for a more rigid seal. 

ENVIROPLUG' MEDIUM & COARSE were the FIRST bento 'te chips developed and marketed. 
They are pure "Wyoming Bentonite" designed for use as sealants fo hole abandonment, casing seals or 
any vertical seal to prevent water movemcnt up or down a b rc hole. When absorbing water, 
ENVIROPLUG@ MEDIUM and C O M E  swell to fill voids, exe * g pressure against all surraces Lo 
mate a flexible low pemieability seal. Since EmOPLUG'fP  is i troduced in a "dry" statc, shrinkage 
cannot occur and there is a resewe expansion capacity. Generally h dration takes 1 to 2 hours. 

HOLE ABANDONMENT AND APP1,XCATION GUIDELINE j 
ENVIROPLUG@ COARSE has been used for abandoning drill holes since 1983. It easily fills through 
standing water and thin drilling fluids filling the column h m  th4 bortom upward. A fall rate of 1 

CASED HOL,ES OR UNCASED HOLES: For 

should be done by "Groundwater Professionals only." 

foodsecond can be cxpected and has been to depths of over lGOV 
fect. Consult local regulations before beginning any procedure. Hole abandonment 

or uncased boles larger than 
pour chips &om the hag at a rate 
opening can bc used to insure a 

low - a screen can be used to 

3" diameter, use ENVIROPLUGp" COARSE. If static water is 
of 1 1/2 to 2 minutes per 50 pounds. A funneling devicc 
constant flow of material into the bole. Should the water 

1 

m 
For holes less than 3" in diameter use ENVIROPLUG@ MED The technique is the same but a 

drop out "fines" from the material before entering the hole. 
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ENVIROPLUG@ MEDIUM & 

GROUNDING ROD AND MEAT PUMP CONDUCTOR 
diametcr hole to the desired depth, simply center the growding 
circulating loop from the heat pump in the  borc hole. In the 
ENWROPLUG@ MEDIUM slowly (1 Yi - 2 minutcs per bag) 
one side of the hole to the other. In dry hole conditions, 
ENVIROPLUG* MEDIUM displacing thc water upward. 
filling the holc, continue to add water while adding 
Adding 5 gallons of water per 50 pound bag is  

Page 2 of 2 

drilling a 4%" to 5" 
wire atiached or the 

pour hole 

SEISMJC SHOT HOLES: After the hole 

WIROPLUG COARSE to fill up to 
over the charge. Wherc auger drills are 
depth. 

COARSE slow# into thc hole (1% - 2 

BULK DENSITY Mo'sT~Re PeRMEABlLlTY 
CONT NT 

Enviroplus@ 
Medium 

Enviroplug@ 
coarse 

c 

-318" f 1/4" 6W/fi3 15%&2 I x 

-3f4" + 318' 64#/f? 15% f 2 1 1 0 9 c m / s e c  
J 

E.P.A. Standard Set Grout 
(ppm) (pprn) 

JYPICAL E, P. TOXlClrY ANA LYSIS 

Arsenic 
Batium 
Cadmium 
Chromium 
Led 
Mercury 
Selenium 
Silver 

1 T Y P I C ~ L  CWCAL ANALYSIS s, 

5 .O 
100.0 

1 .o 
5 .O 
5 .O 
0.2 
1 .o 
5 .O 

a. I 
0.5 

40.05 
eo. 1 
(0.1 
c0.02 
co.05 
a. 1 

-- 

S' 2 61 $4 
A 2 0 3  18.1 

3.5 
2.3 
1.7 

.4 
Ti 2 .2 
KZ 0.10 
0 c cc .07 



WYQ-BEN, INC. 
MATEPUAL SAFETY DATA SHEET 

Trede Narn(s): ENWFtOPLUCo MEDIUM I 
Gencric Nome(s): Wyoming (Western) Benronite; Bentonite Clay (CAS No.. 1302-78-9) 

b d c d  Nltme(8): S ~ d i ~ r n M ~ n t ~ ~ ~ ~ r i l l ~ n i t e  (CAS NO. 1318-93-0) 

Manufacturer: WYO-BEN, XNC. Telephone Numbcrs: 
Address: P.O. Box 1979 h60rmati01~ . (406) 652-6351 

Billinm. Monrann 59 I03 EMERGENCY: (406) 652-6351 

Ingreditnt CAS NO. % h d  
crynalline silica 14808-60-7 SecNote Low concentntioos of mystahe silica (Sol) in the form of 
( S W  36 Quam quartz, may k present io airborne bentonite dust See W o n  VI 

for d h s s i o n  of health bazprd. 
Note Allhaugh the r>”picrl quartz contcnt of wcstem bcntonitc is in the q e  of 2 to 6% most of the quartz particles larger dun 

tbr 10 p respirable threshold &e. Tbe acNal rcsphble qurlz concenmtion in airborne bentonite m4t will dcpcnd up~n 
b t o n i t e  saurcc, finmess of producs moisture contcnt of product, l d  humidity d wind conditiotu at point of w and other 

Boiling Pomt (OF): NA Spe~itiC ’h%ly (I32-1): 2.45-2.55 

Vapor hesaure (m Hg): NA 
Vapor Density (Ait 1): NA 

Melting Point. Appmx. 145OOC 

Evaporation Rote (Buy1 Aceta= = 1): NA 

Date Prepued: Mar& 10,1999 Doc#: 40382-01 



toutes o f  Exposun and Ef€ccts: L 
skjn: Pooeibb dlying rcnrlting in h t i t i s .  
Eyco: Mechanical irritant. 
Inhalation: Acutc (short tam) urponur to dust lcvch cxcccding the PEL may caue idat ion of rcsphtory tract resulting io a 

dry cough. 
Chronic (long tam) ekposurc to airborne bentonite dust containing respirable size & IO p) quarr~ panicles, 
where respirable quartz panicle levels are higher than TLV's, may l a d  to development of silicOais or other 
respiratory problems. Persistent dry cough and labored breathing upon exertion rmybe are sympromatic. 

lugestion: No adverse effects. 

Pemrissiblc 'Exposure Limits: O W  PEL ACGM TLV 
;for air con-s) , (8hr. W A )  

Bentonite as "Particulates not 
orhrrww rrgulatcd" 
(formerly nuisance dust) 

Total dust 1 S m q '  ND 
Respirable rhrst smdm ND 

Crystalline Quam (respirable) O.lmglm' 0.1 wrn' 

Cdogenicity: Bentonite i s  not litred by NTP 01 OSHA. LARC, 1997. concludes that here is sufficient &deoct in humans for the 
carcinogenicity of inhaled crystalline silica from occupationnl s m e s  (TARC Clw I),  that carcinogenicity was not d-d in all 
industrial c k t a o c e a  anrdicd and that carcinogenicity may deped on characteristics of the crystalline silica or on external Cacms 
affecting iu biological activity. 

AcutrOraILD~: ND 1 ACU~C 'D-1 m50: ND 1 Aquatic Toxicology ffi: ND 
Emergency and First Aid Procedures: 

Skin: WaJh witb soap and water until c l m .  
Eyes: Flush with warn until imitation ceases. 
Inhalation: Move to area k e  ffom dust. If s y m p t o m  of irritation penkt contact phyzcich Iuhalation may rggJvatc 

Skps to be Taken if M a t d  is Rckased or Spilled Avoid brcarhing dust; war respirator approved for silica beariDg dust Vacuum 
up to avoid 8enCr;rting airborne dust. Avoid using water. Produce slippay when wetred. 

Waste Disposal Methods: Product should be disposed of in accoTdancc with applicable local, state uld f c d d  rcgulatiozu. 

Hnndlmg a d  Storago Precautions: Uee NIOSWMSHA r e s p b t ~ ~  approved fa silica be- dust w k n  drec silica containing airborn 
bentonite durt levels cxceed PlWlI,V's. Clean up spills promptly to avoid making dust. Storaga ara floors m y  become slippery i 
wmcd 

Ventilation Requkanents: Mecbaacd, genaal mom venadon Wsc local ventilation to maintain PEL'sA'LV's. 

Rtspirator: Use nspiraton approved by NIOSWMSHA for silica beariPg dust. 

Eye Rotcction: Generally not necessary. Personal prdmnce. 

Gloves: Geaaally not necasay. P e d  paefcrcnce. 

Other Protectivc Clothing rn Equipmt: None 

+ 

- 

I Avoid proIowa! inhalation of airborne dust. 



or Submittal of Shop Drawings, Equipment Data, Material Sa 
Manufacturer’s Certificates of Compliance, or Other 

(Read Instructions prior to initiating this form.) 

X 
Date: 09-09-04 

Resubmittal 

To: From: 
Mr. Bob Davis Paul Kreltz Subcontract No: KH020577 
RFETS S.M. Stoller Corporation 
10808 Highway 93, Unit B Bldg 116 
Golden, CO 80403-8300 

990 South Public Road, Suite A 
Lafayette, CO 80026 

Remnrkc. I certify that the above submittal items have been received 

Submittal No. 028A 

Previous Submittal No. 028 

^--.-...I .I. doNQprcyIM 
in detail and are correct and in strict conformance with the 
contract drawings and specifications except as otherwise 
noted. 

TECHNIQUES OF C0NSTRUCFK)N; AND &p, 
C-fiF- A -  

Specification Sec. No. (Cover only one section with each Submittal) 

Item Description of Item Submitted MFG. Or  Contr. Cat, Curve 
No. (Type, size, model number, etc.) Drawing or Brochure No. 

(See Instruction #8) 

a. b. c 

Project Title: Construction of the Present Landfill Accelerated Action 

No. of Contract Reference Deviation Contractor 
Copies Document (See Instruction Action Code 

#a) (See Instruction #9) Spec. Drawing 
Paragraph No. Sheet No. 

d. e. f. g. h. 

Date: 

1 

3 

Sheet 1 of 2 

I 

Panel Layout Bentomat ST-GCL 6 02226 

a 

Enclosures Returned (List by Item No.): Title and Signature of Accepting Authority: 



\ 

. .  . .. . .  -~ . . . .  . .  - :. . 
. . - . . . . . . _- . - 

. . . -  
. I  

/ 

. .  
p- .- 

100 SCALE 

Notes : 
1) BLUE lines represent  approximate location o f  panel limits, ROCKY FLATS PRESENT LF 

PAN EL- LA’fGUT 
60 MIL LLDPE SMOOTH 

___ - - - 

.:rnU)W* a - - - -- - -  - 

slope .loss, - F--- 
- llow 

- - 
2 )  RED line represents  o f f s e t  

- 

PANEL I-AYflUT MAY DIFFER DUE TO VARIOUS S I T E  SPECIFIC CONDITIONSs 



GEOCOMPOSITE - QUANTITY EXPLANANTION 
L MAT ,9-8 9- S E-_- N 0 =L-F INC L_U.D E OYER-LAP FO - - - 

- 4 LL s ,6003 Y-=- T-El INCLUDES-2 TRA-ROLL S; 
- _ _  _ -  ~- _ _ _ _  ____-- 

_____ - 

. -  

. . .  

. 

.. . .  
. .  

.. . . -  

_ _  
j -  

. . .  

- 
. -  

, 

100 SCALE 

i . 

I Notes  1 . .  
_ _  - _ _ _ _  ____  - - - -  _ _  - - r es-e-n t appro x In - 

- 
- G EOCO M PcSiTE - __ - 3) BLUE PERIMETER line r e p r e s e n t s  length- o f  run out-j;o inside edge of  perimeter,-drainage channel, _ -  

- - _ - -  _ -  



. 
- - _ _  

.- 

2 

--- 
- - -_ - _ _ _  

BENTOMAT ST - G C L  QUANTITY EXPLANANTION 
l7F2MAf!T RI AL'--NE EDE -1%' -W-IDL - 
ROLLS 15' X -15v- = l,001;25O--SF -0 - 

. . . .  .. ~ . 

.... - 
. -  

. _  - -  , - 
- - 

-. . .... 
. - 

.- . 
. .  

. _- . 

L 

100 SCALE 

. . ~ - .  
. .  

- _ _ _  - 
- -__ __ - - - _  __ - panebti@ - .  - - - 

esents oFFset f rom ar)cl-ior- t r e n c h  to allow e x t r a  material f o r  anch 
- 

- PANEL LAYOUT MAY DIFFER DUE T O  VARIOUS S I T E  SPECIFIC CONDIT1UWS.- 
- - - - - - _  __ -- _ _  - 

- 

4 -  

- - -  
- -  L- - - -___ 

-.  -. ~ .- . . . . . .  
. . . .  

. .  - 
.. 

.. - . .  

-. 
. . . . .  



~~~ ~ 

Date: 09-08-04 

A. 



TO: Tim Cheovor DATE: 

LAB ID: AD02 1 09 5 OATE RECEIVED: 02/15/95 

SAMPLE: 
C I - k  i )  
Alkali dusl from Southwescern Portlacid, week ol 2 1  0/95 

MAJORIMINOR ELEMENTS 
(expressed as oxidcsJ 
Oxide Mass% 

TRACE ELEMENTS 
.(Sac altnched oags) 

coo ...... 53.8 TEMPERATURE RISE 

MgO 1 . 1  LIT, OC = 17.3 . ...... 
...... N,O, 4.9 

Fn;O;.  3 . 7  

...... N2OO ...... 74.3 TiO, 0.2 

. ...... 11325 ...... 48.8 Nn,O 1 .o 

. .  SlFVF ANAl.YSlS ( %  PasSiitg) 

S i 0 2 . . a , a .  ' 19.2 / / loo ..,.., 88,8 

K,O ...... 
so, . . I , . .  

P10, I , , , . .  

S I 0  ...... 
BaO ...... 

2 .o 
10,5 

0.2 

0.17 

0.03 

0 tlicrs: 

LOSS 011 Igniticln', % 5.5G 

Tit!) Oonsity, pcf 66 

Calcium Cclrbolia te 
Equi~~lont  ICCE), % 84.6 

-------I---- ..*----.-..l..--- ................................................................................................. 
REMARKS: '@ 950" 

Lyons. Colorndo . 

........... .......... "I .*.--..----I__ --,. I.--.....- .-.-.-._.__. -- 
Ma:erials Analysis Rescarctr labocatory (MARL)  - Participants in the  Cement 8, Concrere 
RelLcrencc LaborAtory cement orid pozzolan testing progranis. 
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1805 Shea Center Drive, Suite 270 
Highlands Ranch, Colorado 80129 
USA 

September 16,2004 

Bulk Materials 
7301 SW Frontage Road 
Suite # 3 
Fort Collins, CO 80528 

Attn: Curt W. Burgener 

Re: 
Project: Rocky Flats DOE 

Dear Mr. Burgener, 

We are corresponding per your request to inform all entities relabd to the above-.rnentioned 
project as to the exact fuel soums used at our Lyons facility for  kiln production of Portland 
cement clinker. this plant bums coal as a main fuel source and at times will bum limited 
amounts of natural gas. These are the only combustion materials fired In this facilrty's kiln. 

If you have any further questions or would like additional support or clarlflcation please do not 
hesitate to call us. 

Respectfully, 

Genit P. Lansing 
Technical Services Manager - South Central Region 
CEMEX - Cement Division 

Gemtp. lansins@cemexusa. corn 

-_ 
Summary of fuel usage at CEMEX, Lyons facility 

1 

WJ- 

303-263-1 345 

a 
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For Submittal of Shop Drawings, Equipment Data, Material Samples, 
Manufactum's Certificates of CompUance, or Other 

(Read Instructions Drior to initiating this form.) 

xM( 
Date: 9/17/04 

New Submittal 

Resubmittal 
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To: From: 
Mr. Bob Davis Paul Kreitz Subcontract No: KE020577 
RFETS S.M. Stoller Corporation 
10808 Highway 93, Unit B Bldg 116 990 South Public Road, Suite A 

I I 
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Submittal No. 035 

Previous Submittal No. 

contract drawin 
noted. 
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Golden, CO 80403-8300 

Specification Sec. No. (Cover only one section witb each Submittal) 

Lafayette, CO 80026 

Project Title: Construction of the Present Landfill Accelerated Action 

. .. . . 
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Date: Title and Signature of Accepting Authority: 
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~ _ _  

Water seeping from the base of the east face of the present landfill will be temporarily 
pumped to a 21,000-gallon portable tank located approximately 750 feet SE from seep with 
a vertical rise of 30 ft. A Seep Pumpout Station, consisting of a pump, 1500 gallon tank, 
pump control station, 750 ft of 1%” HDPE pipe, and 750 ft of rubber SO 10/3 cord will be 
used to pump water from the Seep to the water tank. The pump and controls will be located 
on the south side of the seep treatment system. The pump is a 240 V submersible pump 
that is capable of pumping 10 GPM at the anticipated discharge conditions. Float switches 
will be used to automatically turn on and off the pump to maintain the water level in the 
collection tank. The 1500-gallon tank will store water temporarily, be located below the 
aeration stair steps of the seep treatment system, and will be placed within a shallow 
excavation of sufficient size to hold the tank at the proper elevation to capture the water 
flow. 

Figure 3938-503-001 is a map showing the location of the tanks, piping, and electrical line. 
Figure 3938-503-002 shows the layout of the tank located at the seep and associated seep 
recovery system. 
Figure 3938-503-003 shows the system layout at the Baker tank located at the top of the 
hill. 

. . . . . . . . . .  .~ _ _  ~ ._ 
. . . . .  

- .  . 

. . . . . . . . . . . . . .  - - _  - 
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Present Landfill 
Accelerated Action 
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3938-503-002 
Sump Pump System 
General Arrangement 
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E A R T H -  T E C H  3 
TECHNICAL MEMORANDUM 

DATE: September 2 1,2004 

TO: Bob Davis, RFETS 
. -  

FROM: Randy Thompson, Earth Tech, Inc. 

SUBJECT:. Soft Spot Repair Procedures - P r e s e m l l  

Proof-rolling on the present landfill has revealed 18 soft spots or areas of unsuitable 
deflection that will need to be remedied prior to subgrade surface acceptance. Several of 
the soft spots have been investigated and generally fall into three categories: 

0 

0 

Small, isolated soft spots likely due to the type of waste material below ( S S 5 ,  
SS9, SS 1 1, and SS 12) 
Clay soft spots characterized by over 10 feet of reworked, and likely improperly 
compacted, clay cover above the waste (SS3, SS6, SS7). 
Wet soft spots characterized by saturated conditions immediately below cover 
(SS4). 

Please note that SSl, SS2, SS8, SSI3, SS14, SS15, SS16, SSI 7, and SS18 have yet to be 
in vest igated. 

Remedy for each type of soft spot is discussed below. In each case, the area will be 
proof-rolled following the remedy to ensure less than 1 -inch of deflection. 

Small Soft Spots (SS5 ,  SS9, SSlO, SSl1, SS12) 

Roll area with sheep's foot compactor until minimal deflection is noted at the 
discretion of the Field Engineering Team (SQAM, QCSM, Design Engineer's 
Representative). 
Excavate surrounding soils to the depth of the deflected area. Laterally, the width' 
of the surrounding excavations should be at least the radius of the soft area to a 
maximum of 10 feet (i.e. if the soft area has a diameter of 8 feet, excavate soil 4 
feet laterally around the soft spot). This will allow the edges of the geogrid to be 
placed on stable material facilitating bridging. 
Inspect the surface of the excavation to ensure that i t  is suitable for geogrid (i.e. 
no foreign substances such as debris or large rocks are present). Inspection will 
be conducted by the Field Engineering Team. 
Install Tensar BX 1200 or equivalent biaxial geogrid on the inspected surface. 
The geogrid shall be laid smooth and free of tension, stress, folds, \winkles, or 



Mr. Bob Davis 
September 2 1,2004 

creases. If more than one strip is necessary, the geogrid strips shall be overlapped 
a minimum of 24-inches and tied together with hog rings or cable ties every 5 
feet. Hog rings and cable ties must meet geogrid manufacturer’s 
recommendations. 
Backfill over geogrid with Rocky Flats Alluvium in 1-foot lifts compacted with a 
minimum of 6 passes with the sheep’s foot compactor. 
Proof-roll area with loaded scraper per Specifications to ensure less than 1-inch of 
deflection. 

Clay Soft Spots (SS3. SS6, SS7) 

Excavate soft area and surrounding soils until waste is encountered (or a 
maximum of 4-feet below ground surface). Laterally, the width of the 
surrounding excavations should be at least the radius of the soft area to a 
maximum of 10 feet (i.e. if the soft area has a diameter of 8 feet, excavate soil 4 
feet laterally around the soft spot). This will allow the edges of the geogrid and 
bridging soils to be placed on stable material. 
Inspect the surface of the excavation to ensure that it ___ is - suitable - - for - geogrid - _ _ a _  (i.e. 
no foreign sub&m&s such‘as debris or large rocks are present). Inspection \;.ill 

- . - - - 0 - +tall-Tens&-BX-lEOO or equivalent-biaxial geogrid-on-the inspected-surface. -_ 

- __ __  - _.______ _ _ _ _  __ _ _ _ _  

.be conducted by the Field Engineering Team. .. 
- - - - 

The geogrid shall be laid smooth and fiee of tension, stress, folds, wrinkles, or 
creases. If more than on strip is necessary, the geogrid strips shall be overlapped 
a minimum of 24-inches and tied together with cable ties every 5 feet. Hog rings 
and cable ties must meet geogrid manufacturer’s recommendations. 
Backfill over geogrid with Rocky Flats Alluvium in 1-foot lifts compacted with a 
minimum of 6 passes with the sheep’s foot compactor. 
Proof-roll area with loaded scraper per Specifications to ensure less than 1-inch of 
deflection. 

Wet Soft Spots (SS4) 
The wet spot investigated shows water and waste material at a shallow depth (0.5 to 1 
foot). Excavating into the wastdwater is discouraged, as the RCT cannot survey under 
wet conditions. Due to this, the method of repair varies fiom the other soft spot repair 
methods. SS4 is located within a fill area and suspect wet spots SS2 and SS13 are as 
well. Therefore, the fill material will be laid over geogrid in these areas to bridge the soft 
spot as follows: 

If possible (without creating muddy, unworkable conditions), level the soft spot 
ment of tlj-we6$@dZt-tlie-diScretioiiof _the-Field‘ :-- 

- 



Mr. Bob Davis 
September 2 1 , 2004 
Page 3 

0 If necessary, excavate surrounding soils to match the depth of the smoothed-out 
soft area. Laterally, the width of the surrounding excavations should be at least 
the radius of the soft area to a maximum of 10 feet (Le. if the soft area has a 
diameter of 8 feet, excavate soil 4 feet laterally around the soft spot). This will 
allow the edges of the geogrid and bridging soils to be placed on stable material. 
Inspect the surface of the excavation to ensure that it is suitable for geogrid (i.e. 
no foreign substances such as debris or large rocks are present). Inspection will 
be conducted by the Field Engineering Team. 

0 Install Tensar BX1200 or equivalent biaxial geogrid on the inspected surface. 
The geogrid shall be laid smooth and h e  of tension, stress, folds, wrinkles, or 
creases. If more than on strip is necessary, the geogrid strips shall be overlapped 
a of 24-inches and tied together with cable ties every 5 feet. Hog rings 
and cable ties must meet geogrid manufacturer’s recommendations. 
Backiill over geogrid with Rock Layer material (as defined in Specification 
02222). The thickness of the rock layer material will very depending on the 
thickness of fill required to achieve the regrade surface in the area on the soft spot 
repair. Follow the revised grading plan to determine how much fill can be placed, 
and place rock material equal to one half of the design regrade fill. 
Backfill over the rock material with Rocky Flats Alluvium (or approved fill 
material) in 1-foot lifts compacted with a minimum of 6 passes with the sheep’s 
foot compactor. Follow the revised grading plan to determine how much fill can 
be placed, and place Rocky Flats Alluvium in a thickness required to meet regrade 
design surface elevations. 
Proof-roll area with loaded scraper per Specifications to ensure less than 1 -inch of 
deflection. 

0 

a 



Tenser Earih Technologies, Inc. reserves the tight to change its product specifcations at any time. It is the responsibility of the specifier and purchaser 
to ensure that product spedfications used for design and procurement prposes am current and consistent with the products used in each instance. 
Please contad Tensar Eerth Technologies, Inc. at 800-836-7271 for assistance 

The structural geogrid shall be an ittegglly fo offa,stress.ksistant po1ypropylene:material with molecula 
weight-anTd~m-~lecula=r. 'ch~=~~t~"~ti~~i~h~im l o ~ c a p a c i t y ~ r c t u r a ~ n t e ~ y - w g e o g r i d - i s -  . 

subjected-to mechanical stress in installation; (b) hig when the geogrid is subjected to applied force in use; and 
(c) high resistance to loss of load capacity or structural integrity.when the geogrid is subjected to long-term environmental stress. 

The structural geogrid shall accept applied force in use by positive mechanical interlock (Le. by direct mechanical keying) with: (a) 
compacted soil or construction fill materials; (b) contiguous sections of itself when overlapped and embedded in compacted soil or 
construction fill materials; and (c) rigid mechanical connectors such as bodkins, pins or hooks. The structural geogrid shall possess 
sufficient cross sectional profile to present a substantial abutment interface to compacted soil or paiticulate construction fill materials and 
to resist movement relative to such materials when subject to applied force. The structural geogrid shall possess sufficient true initial 
modulus to cause applied force to be transferred to the geogrid at low strain levels without material deformation of the reinforced structure. 
The structural geogrid shall possess complete continuity of all properties throughout its structure and shall be suitable for reinforcement of 
compacted soil or particulate construction fill materials to improve their long term stability in structural load bearing applications such as 
earth retention systems. The structural geogrid shall otherwise have the following characteristics: 

Product Type: 
Load Transfer.Mechanlsm: Positive Mechanical Interlock 

Product Properties 
Index Properties 

-.. - -~ - 
-.- -. ___ --.-- 

Integrally Formed Structural Geogrid 

Units MD Values' XMD Values' 
Aperture Dimensions' mm (in) 25 (1 .O) 33 (1.3) . Minimum Rib Thickness' mm (in) 1.27 (0.05) 1.27 (0.05) 

True Initial Modulus in Use3 kN/m(lblft) 400 (27.420) 650 (44,550) 
True Tensile Strength @2% Strain3 kN/m(lblft) 6.0 (410)_ 9.0 (620) . True Tensile Strength @5% Strain3 kNlm(lb1ft) 11.8(810) 19.6(1,340) 

Load Capaclty 

Structural Integrity 
Junction Efficiency4 % 93 

- - _  - 
- - m g - u n -  --750,000, . 5  . FlexuralLStiffness- ~ 

Aperture Stability' k g d d e g  6.5 

9 Resistance to Installation Damage7 -. %SCI%SWI%GP -95189186- 
Durability - a-- 

_ _  - _  -I- 

I 

Resistance to Long Term Degradation' % 100 

Dlmenslons and Dellvery 
The structural geogrid shall be delivered to the jobsite in roll form with each roll Individually identified and nominally measuring 3.0 meters (9.8 feet) or 
4.0 meters (13.1 feet) in width and 50.0 meters (164 feet) In length. A typical truckload quant i  is 165 to 220 rolls. On special request the structural 
geogrid may also be custom cut to specific lengths or widths to suit site spedfic engineering designs. 

i. a=-- 

Notes 
1. Unless indicated otherwise, values shown are minimum average roll values determined in accordance with ASTM D-4759. Brief descriptions of 

test procedures are given in the following notes. Complete desaiptions of test procedures are available on request from Tensar Earth 
Technologies, Inc. 

2. Nominal Dimensions. 
3. True resistance to elongation when initially subjected to a load measured via ASTM D6637 without deforming test materials under load before 

measuring such resistance or employing 'secant" or "offser tangent methods of measurement so as to overstate tensile properties. 
4. Load transfer capability measured via GRI-GG2-87. Expressed as a percentage of ultimate tensile strength. 
5. Resistance to bending force measured via ASTM 0-5732-95, using specimens of width two ribs wide, with transverse ribs cut flush with exterior 

edges of longludinal ribs (as a radder), and of length sufficiently long to enable measurement of the overhang dimension. The overall Flexural 
Stiffness is calculated as the square root of the produd of machine-and ms-machinedirection Flexural Stiffness values. 

6. Resistance to in-plane rotational movement measured by applying a 20 kg-an moment to the central junction of a 9 inch x 9 inch specimen 
restrained at its perimeter (U.S. Army Corps of Engineers Methodology for measurement of Torsional Rigidity). 

7. Resistance to loss of load capacity or slruhrral integrity when subjected to mechanical installation stress in dayey sand (SC), well graded sand 
(SW). and aushed stone dassliied as poorly graded gravel (GP). The geogrid shall be sampled in accordance with ASTM D5818 and load 
capacity shall be measured In accordance with ASTM D6637. 

8. Resistance to loss of load capacity or structural integrity when subjected to chemically aggressive environments measured via EPA 9090 
immersion testing. 

Tensar Earth Technologies, Inc. 
5883 Glenridge Drive, Suite 200 
Atlanta. Geomia 30328-5363 



Subgrade Installation Guide 

Tensar Earth Technologies, Inc. 
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ground applications. They improve the effective bearing 
capacity of subgrade by distributing loads over a 
wider area, similar to the way a snowshoe works to 
distribute a man's weight over soft snow. 

Remarkable results can be achieved by using geogrids 
over soft ground. Undercutting can often be eliminated, 
and, d k e  chemical stabilization methods, site access 
is improved in types of weather. Firm construction 
platforms can even be built over ground too soft to 
support a man's weight. 

However, proper performance is dependent upon proper 
installation. This guide is provided to assist the contractor 
in correctly installing Tensar BX Geogrids over soft 
subgrades (CBR of approximately 3 or less). Procedures for 
more competent subgrades are covered in the "Spectra 
Base Reinforcement Ins tallation Guide". 

- - _ _  ~-@- 

- _- - 

7 Figure 1: Placing BX Geogrid 

- Debris,-trees, stumps, and other large-plant growth 5- 
should be removed from-the site;-The-surface-sho-uldEe - 
graded smoothly. Backdrag, if possible, to smooth out 
ruts. Sometimes smooth grading is not practical, as may 
be the case in swampland, peat, muskeg, or marshes. 
The BX Geogrid may then be placed directly on the 
unprepared subgrade after cutting vegetation to 
geogrid level. 

Care should be taken to avoid disturbing any surface 
crust overlying softer soil. In these cases, the geogrid 
should be placed directly on the unprepared subgrade. 

The preferred gradation listed in Table 1 provides good 
stability and low moisture susceptibility. For other fill, a 
graded filter analysis would be prudent to check against 
potential contamination of underlying subgrade. 
See the "Spectra Contractor Separation Flyer" for 
additional information regarding Tensar BX Geogrid's 
ability to effectively separate subgrade soils from fill soils. 

0 .  Size ~. - _ _  ___ _ _  -Lo Finer--- - - 

1-X' 100 
Y 

- # 4  
#40 

50-100 
25-50 
10-20 

#loo 5-15 

. .  - . -  

- - - 

I #200 Less than 10 
I , YIJr""l 11 - 
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- Firm > 3  1 ft. 
Soft Ground 1-3 .2 ft. 20 ft. 

Very Soft Ground < 1 3 ft. 5 ft. 

The type of Tensar BX Geogrid recommended depends 
on the strength of the subgrade, the weight of the 
equipment and vehicles operating on the reinforced 
fill, the performance required, etc. It is recommended 
that the contractor use Tensar Earth Technologies' 
SpectraPave2 Software to determine the appropriate 
type of Tensar BX Geogrid to use. (See SpectraPuve2 
Software for more mformation.) 

Place the geogrid in position and manually roll it out 
over the subgrade (Figure 1). Adjacent rolls of geogrid 
should be overlapped in accordance with Table 2. Overlap 
(shingle) geogrids in the direction that the fill will be 
spread (Figure 2). Adjacent rolls of geogrid should be 
tied together as recommended in Table 2 and illustrated 
in Figure 3. The geogrid corners may be held down 
with shovelfuls of fill, pins, sandbags, etc. 

I Soil Type CBR Overlap Tiespacing I 

V Figure 3: Anchoring geogrid with hog rings or plastic ties 

A Figure 2 Overlapping BX Geogrids 



e 
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Thin fill lifts over soft subgrades may not be sufficient 
to support equipment. In general, an initial filI lift of no 
less than six inches is required. For very soft conditions, 
the required fill thickness is a function of subgrade 
strength and construction procedure, usually it will be 
significantly greater than six inches. Please contact 
your local Tensar representative for assistance or call 

Over relatively competent subgrades (CBR > 2), fill 
may be dumped onto the geogrid. In softer conditions, 
fill should be dumped over ground that will bear its 
weight and then pushed out over the geogrid. Work 
from stronger to weaker subgrade areas. In very soft 
conditions, fill should be placed by a lightweight, low 
ground pressure (LGP) dozer (Figure 4). 

The dozer blade should be feathered as each lift is pushed 
out. In other words, the blade should be gradually raised 
as the fill is pushed out over the Tensar Geogrid. This 
will cause much of the fill to roll out onto the geogrid 

800-TENSAR-1. 

and will-reduce stress on the subgrade. Back dump 
subsequent loads onto the leveled fd-aiid advance forwa-d 
by spreading with a dozer. Be aware of the direction of 
the overlaps of the geogrid, and don't work against the 
shingle pattern. If wrinkles or waves develop in the 
geogrid, they will usually roll forward with the fill and 
out at the end of the geogrld roll. Care should be taken 
not to catch the dozer blade or other equipment on 
the BX Geogrid. 

Standard compaction methods can be used unless the 
soils are very soft. In these cases, static rather than 
vibratory compaction should be used. Compaction is 
normally accomplished with a light roller and moisture. 
(Water spray is especially efficient with sand fill.) If 
rutting or severe pumping occurs under truck or dozer 
traffic, fill should be added immediately to strengthen 
the section. 

---> 
_ -  

- 

T Figure 4: Dumping and spreading fill 



Dr. J.P. Giroud and Dr. Jie Han recently released new 
technology developed for subgrade improvement 
design. Their work is the most comprehensive 
advancement in the design of unpaved roads in the 
last 20 years. 
Tensar Earth Technologies has taken this technology a 
step further by upgrading SpectraPaveTM Software to 
SpectraPave2. This upgrade has broken new ground 
with signifigant advancements over any other program 
available and features four modules including: 
b Project In forma tion 
b Subgrade Improvement (with state-of-the-practice 

detailed analysis) 
b NEW Subgrade lmprovement Cost Analysis 
b Base Course Reinforcement 

Subgrade Improvement Module 
Based on Dr. J.P. Giroud and Dr. Jie Han's latest study, 
the Subgrade Improvement module incorporates the 
just-released performance-based Giroud-Han Design 
Technology, which supports the L& of certain 
geosynthetics to reduce aggregate requirements and 
improve subgrade performance. The module indicates 
the required thickness for an unreinforced subbase and 
for a subbase reinforced with Tensar BX Geogrids. 

NEW Subgrade Improvement Cost Analysis 
A Spectra System, reinforced with Tensar BX Geogrids 
or a conventional section? The new comprehensive 
Cost Analysis module provides cost comparisons 
between an unreinforced subbase and a subbase 
reinforced with Tensar BX Geogrids. Comparative 
cross-sections indicating required fill are also generated. 
Output includes unit cost, unit savings, project cost, 
and project savings. 
Available in CD-ROM format supporting Windows" 
95,98,2000, or NT, SpectraPave2 Software may be 
downloaded at no charge from our web site at 
www.tensarcorp.com. For more information or to 
order, call 800-TENSAR-1 or send an e-mail to 



. .. .-. . . -. . _ _  .... . - . . -  - . .  

To investigate a specific project application, to receive a 
copy of the Spectra Pavement Systems Brochure, or to 
receive general or technical infomzaiion, contact a Tensar 
Technology Engineer b y  calling 800-TENSAR-1, sending 
an e-mail to info@tensarcorp.com, or v ia  our web site 
at www.tensarcorp.com. 

W e  can quickly provide you with: 
b Information on products and services in your area 
b Preliminary cost estimates, conceptual designs, and specs 
b Summaries of completed projects 
b SpectraPave2 Software 

* -  

- 

@g0_2;-Iensar Earth Technologies. In 

best of Its knowledge accurately represents Tensar product iise in the applications which are illustrated Final determination 

T G ?  reggered trademarks SPECTRAPA;€ I$ il 
Tensar Earth 

Incm :ZF trademark The information contained Ily compiled by Tensar Earth Technologies, Inc and 10 the . 9 
tion or material for the use contemplated and its manner o f u y s - t h e  solo respo_nsibllily of 
applications illustrated herein are covered by oneor more of the following U s  patents 

4743486. 559546, 5632571 Other U S  or foreign patents may apply or are pending 
www tensarcorp corn 

_ -  __ - - - - ---IG-SI-1.02 - _ -  

- - 
- 

-~ -- 
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Manufacturer's Certificates of Compliance, o r  Other 
(Read Instructions prior to initiating this form.) 

- -. 
Mr. Bob Davis 
WETS 
10808 Highway 93, Unit B BIdg 116 
Golden, CO 80403-8300 

. 1 - 1 .  __I.._ ...... 

Resubmittal 
Date: 9/29/04 

Paul Kreib Subcontract No: KH020577 
S.M. Stoller Corporation 
990 South Public Road, Suite A 
Lafayette, CO 80026 

Previous Submittal No. 

I I I 

Section I REQUEST FOR ACCEPTANCE OF THE FOLLOWING ITEMS (This secflon lo be inirlared by fhe Subcontractor) 
To: I From: I I SubmittalNo. 038 

Specification Sec. No. (Cover only one section with each Submittal) Project Title: Construction of the Present Landfill Accelerated Action 

Item 
No. 

a. 

Description of Item Submitted 
(Type, size, model number, etc.) 

MFG. Or Contr. Cat., Curve 
Drawing o r  Brochure No. 

(See Instruction #8) 

b. C. 

Temporary Seep Capture System - 
material cut sheets 

NIA 

/ - -. . - -  - - - _  - - 

' 4  

I 

No. of Contract Reference 
Copies Document 

Spec. Drawing 
Sheet No. Paragraph No. 

d. e. f. 

1 NIA NIA 

Deviation 
(See Instruction 

NIA 

I 
-r - 

I 

Contractor 
Action Code 

(See Instruction #9) 

h. 

ms have been received .- ---- 

d Signature of Accepting AuthoAQ': Enclosures Returned (List by Item No.): 

Sheet ,L of 2 
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l 

a Advanced Search Search 
Catalog No. 395 (PDF) ! I 
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I 
I item Details I < Back 

Pumps & Plumbing > Well > Submersible PumQs 

I 

i 

I 
I /  

1 LOYIN 

UserlD 

I 

I 

I ' I ,  . -  
Password 

i 
, 

Pump,Deep Well,l/Z HP 
Submersible Deep Well Pump, Power Rating 112 HP, 
Voltage Rating 230 Volts, Flow Rating 10 GPM, Number of 
Wires 3, SF Current 4.2 Amps, Stages 6, Control Box 
Required 4P843, Cast Iron 

Price (ea) : $269.25 Sell Qty (W(I1-Gal@ : 1 
Manufacturer: TEEL Usually Ships 8 : Today 
Mfg. Model#: 4P856 Catalog 395 Page: 3151 El 

I 

Grainger Item: 4P856 Ship Qty m,: 1 1  

Qty. L_i 
I 

Price shown may not reflect your price.Log-in above.or click here to register. 

NOTES & RESTRICTIONS 
I 

1 
I @ Repair Parts Info available for this product. ! 

See Catalog 395 Page 0 for application andor safety irkormation. 

REQUIRED ACCESSORIES I I/ 

Subm-Pump Pipe Package I Submersible Pump Control Installation Package, for up to 2 
horsepower Pump, Pre-Pressurized Water Tank 
Price (ea): $70.20 Usually Ships a : 1-3 Days 

I I Grainger Item#: 1 P920 * ,  I 

I 

TECHNICAL SPECIFICATIONS 
Type Assern bled 

HP 1 I2 

Number of Wires 3 

4P843 Control Box 
Required 
Volts 60 Hz 230 

Stages 6 
SF Amps 4.2 

h~://WWW.grainger.com/Grainger/productdetail.jsp?xi=xi&ItemId= 1 6 1 1 629067&ccitem= 

I '  

' I  
' I  

I 

~ ' 1  9/27/2004, 
I 1  1 

I 
1 I li / I  



SlOck wall lank 
NO. Capacity HP p d  

4P848 LOW 113 20 
4P847 30 

40 

GPM Q Vsmeal Oaptb to Water fl ) 
2o 4o 60 a 100 12s 150 17s 200 24 ' 3w 350 ao eo so0 550 

I I 5.7 5.3 5.0 4.7 4.2 3.2 2.3 - - - - - - - 
5.7 5.5 5.3 5.0 4.7 4.2 3.7 2.2 1.7 - - - - - - - 
5.5 5.2 4.8 4.5 4.2 3.7 3.0 1.0 - - - - - - - - 

- - 
scommsndad 

Tankt 

4R834 
3ya5g 

50 
60 

4P849 Low 1R 20 
4P850 30 
4RG99 40 
4RH03 50 
4RHW 60 
4P851 LOW 3 4  20 
4RH01 30 
4RH05 40 

50 
60 

4RH02 Low 1 20 
4RHDG 30 

40 
50 
60 

413852 Avp. l f 3  20 
30 
40 

4P853 

50 
4P854 

60 
4P855.4P856 Avp. 1R 20 
48857.4P856 30 

4RG76 40 
4 R W  50 
4RG01 60 
4P859 Avp. 3 4  20 
4P8w) 30 
4RG77 40 
4RG82 50 

. 60 
3P861 Avg. 1 20 
4RG78 30 

. 4RG83 40 
50 
60 

4P862 Avg. 1% 20 
4RG79 30 
CRG8d 40 

50 
60 

4WJ9 Avp. 1/2 20 
4RC10 30 
4RCll 40 
4RC12 50 

60 
4RC13 AvQ. 3 4  20 
4RC14 30 

40 
50 
60 

3RC15 AVO. 1 20 
30 
40 
50 
60 

4RC16 AW. 1H 20 
30 
40 
50 
W 

4RC17 High 1 20 
4RC18 30 

40 
50 
60 

30 
40 
50 
60 

spa64 30 
4RG94 40 
rlEG96 50 

60 

4RClll High 1% 20 

CP863 High 1 20 

4P835 
4P836 
3YA56 

~~ 

510 418 4.5 4.2 3.7 3.0 2.3 - - - - - - - - - 
4.8 4.5 4.0 3.7 3.0 2.3 1.3 - - - - - - - - - 

I I I 7.4 7.3 7.0 6.7 6.3 5.7 4.5 2.8 - - - - - 
I I 7.4 7.2 7.1 6.8 6.3 5.8 5.2 3.6 1.5 - - - - - 
I 7.4 7 2  7.0 6.8 6.4 5.8 5.3 4.6 2.9 - - - - - - 

7.3 7.2 7.0 6.7 6.4 5.9 5.3 4.7 3.7 1.7 - - - - - - 
7.2 6.9 6.7 6.3 5.9 5.3 4.7 3.8 3.0 - - - - - - - 

I I I I I 7.4 7 3  7.1 6.9 6.5 5.7 4.8 3.5 2.2 - - 
I I I I 7.4 7.3 7.1 7.0 6.7 6.1 5.3 4.2 3.0 1.1 - - 
I I I 7.4 7.3 7.2 7.0 6.8 6.5 5.7 4.9 3.6 .2.4 - - - 
I I 7.4 7.3 7 2  7.0 6.8 6.5 6 2  5.4 4.3 3.1 1.3 - - - 

7.5 7.4 7.3 7.1 7.0 6.8 6.5 6.2 5.8 4.9 3.6 2.4 - - - - 
I I I I I I 7.5 7.4 7 2  7.0 6.6 6.0 5.3 4.5 3.5 2.5 

. I I I I I 7.5 7.4 7.3 7 2  6.9 6.3 5.8 5.1 4.1 3.1 1.7 
I I I I 7.5 7.4 7 3  7.2 7.0 3.7 6.1 5.4 4.6 3.6 26 0.3 
I I 1 7 . 5  7.4 7.3 7.2 7.0 6.9 6.4 5.8 5.1 4.1 3.1 1 . 9 ' -  
I I 7.5 7.4 7 3  7 2  7.0 6.9 6.7 6.1 5.5 4.7 3.6 2.7 0.7 - 

11.0 11.0 10.0 8.0 5.0 - - - - - - - - - - - 
11.0 9.7 7.9 4.7 - - - - - - - - - - - - 
9.5 7 5  4.3 - - - - - - - - - - - - - 
7.2 3.8 - - - - - - - - - - - - - - 
3.7 - - - - - - - - - - - - - - - 

15.6 14.8 14.0 13.0 11.8 10.2 8.2 5.7 2.1 - - - - - - - 
14.6 13.7 12.8 11.6 10.3 8.3 6.0 2.5 - - - - - - - - 
13.6 12.6 11.5 10.1 8.6 6.1 2.8 - - - - - - - - - 
12.5 11.3 9.9 8.2 6.2 3.0 - - - - - - - - - - 
11.0 9.6 8.0 6.0 3.2 - - - - - - - - - - - 

I 15.8 15.0 14.4 13.7 12.8 11.7 10.5 9.2 5.7 - - - - - - 
15.5 15.0 14.3 13.5 12.8 11.8 10.6 9.3 7.7 3.5 - - - - - - 
14.9 14.2 13.5 12.7 11.9 10.7 9.4 7.9 6.0 - - - - - - - 
14.1 13.4 12.5 11.7 10.8 9.4 8.0 6.1 4.1 - - - - - - - 
13.2 12.4 11.6 10.6 9.5 8.1 6.3 4.2 - - - - - - - - 
I I 15.7 15.3 14.8 14.2 13.4 12.6 11.8 9.8 7.2 3.8 - - - - 
I 15.6 15.2 14.7 14.2 13.5 12.8 11.8 10.8 8.5 5.8 2.0 - - - - 

15.6 15.1 14.6 14.1 13.5 12.9 11.9 10.9 9.8 7.4 4.2 - - - - - 
15.1 14.5 14.0 13.4 12.9 11.9 10.9 9.9 8.8 5.9 2.2 - - - - - 
14.4 13.9 13.3 12.8 12.0 11.0 10.0 8.8 7.5 4.5 - - - - - - 

I I I 6 15.8 15.4 14.9 14.4 14.9 12.8 11.6 10.3 8.7 6.9 4.4 - 
I 0 I 15.7 15.4 14.9 14.5 14.9 13.4 12.3 11.0 9.6 7.9 5.8 2.9 - 
I 16.0 15.6 15.3 15.0 14.5 14.0 13.5 12.9 11.7 10.4 8.9 7.1 4.6 1.0 - 

15.9 15.5 15.3 14.9 14.5 14.0 13.5 12.9 12.4 11.0 9.7 8.0 6.0 3.2 - - 
15.5 15.2 14.8 14.4 14.0 13.5 13.0 12.4 11.7 10.5 9.0 7.3 4.7 1.2 - - 
14.7 14.1 13.3 12.5 11.7 10.6 8.3 6.1 3.4 - - - - - - - 
13.7 12.8 11.7 10.9 9.8 8.7 6.1 4.8 - - - - - - - - 
12.3 11.4 10.4 9.1 8.5 5.9 4 2  - - - - - - ' - - - 
11.3 -10.2 8.8 8.2 6.2 5.5 - - - - - - - - - - 
10.9 9.9 8.6 6.1 4.5 - - - - - - - - - - - 

I 15.4 14.8 14.3 13.7 13.0 12.0 11.5 10.7 8.9 6.1 - - - - - 
14.5 14.2 13.7 13.1 12.7 12.1 11.5 10.8 9.7 7.0 4.0 - - - - - 
14.0 13.4 13.0 12.5 12.0 11.5 10.5 10.2 8.5 6.0 - - - - - - 
13.5 13.0 12.5 12.0 11.5 10.8 10.1 8.5 7.0 2.4 - - - - - - 
13.0 12.5 12.0 11.5 11.0 10.5 8.5 8.0 6.0 - - - - - - - 

I I 15.0 14.6 14.3 13.8 132 12.8 12.2 10.9 9.0 7.0 4.8 - - - 
I 14.9 14.2 13.8 13.6 12.9 12.5 12.0 11.8 9.8 8.2 6.0 4.2 - - - 

14.9 14.5 14.0 13.7 13.2 12.4 12.0 11.7 10.9 9.5 7.2 4.4 - - - - 
14.2 13.7 13.3 12.9 12.4 12.0 11.7 12.3 9.7 8.8 6.3 - - - - - 
13.7 13.2 12.8 12.3 12.0 11.7 10.7 10.0 9.3 7.1 5.0 - - - - - 

I I I 15.0 14.0 14.4 14.3 14.0 13.7 12.5 12.0 11.0 10.0 8.9 7.0 - 
I I 15.2 14.9 14.5 14.0 13.8 13.6 12.8 12.0 11.3 10.2 9.0 8.0 6.0 - 
I 15.2 15.0 14.7 14.7 13.9 13.5 13.3 12.6 11.8 11.0 10.2 8.7 7.0 4.2 - 

15.3 15.0 14.6 14.3 13.9 13.5 13.0 12.8 12.3 11.4 10.5 9.5 8.0 6.0 2.0 - 
14.8 14.6 14.3 14.0 13.6 13.2 12.8 12.5 11.0 11.0 10.2 9.0 7.3 4.9 - - 
33.0 31.5 29.0 26.2 24.3 18.5 17.0 7.9 . - - - - - - - - 
31.5 29.9 27.5 25.2 22.0 16.5 8.1 - - - - - - - - - 
28.5 25.6 23.1 19.9 17.6 15.0 - - - - - - - - - - 
26.1 24.3 21.2 17.5 13.1 12.0 - - - - - - - - - - 
22.1 18.9 15.5 12.5 - - - - - - - - - - - - 
33.5 31.9 29.9 30.0 28.5 26.2 23.0 20.1 12.9 - - - - - - - 
31.9 30.8 28.6 27.2 26.1 23.5 20.5 17.2 11.4 - - - - - - - 
30.5 29.1 27.2 25.5 24.2 22.4 12.5 10.5 - - . - - - - - - 
28.0 26.4 24.3 20.5 20.0 17.5 10.6 , - - - - - - - - - 

28.4 26.7 24.8 22.9 20.9 18.0 13.0' 5.0 - - - - - - - - 
26.4 24.7 22.7 20.7 18.4 14.0 5.9 - - - - - - - - - 
24.2 22.4 20.1 17.9 14.1 6.1 - - - - - - - - - - 
21.9 19.9 17.2 13.0 6.7 - - - - - - - - - - - 

35.2 33.2 32.5 31.1 29.0 27.5 26.0 23.6 19.0 10.5 - - - - - - 

30.2 28.8 27.0 25.1 23.3 20.8 17.9 12.5 4.5 - - - - - - - 

4P835 
4P836 
3YA56 

4P835 
4P836 
3YA56 

3wA39 
3YA57 

3wA39 
3YA57 

4P838 
3YA58 
3YA59 

4P838 
3YA58 
3YA59 

4P830 
3YA55 
3YU9 

3WA39 

4P838 

4P838 

4P838 

4P839 

4P83?(2) 

4P830 
3YA55 

( I )  Pump motors will overload depths less than 20 n. or at depths indicated. See 'Caution' in Guide for 'Submersible Pumps Selection' on page 3148. (t) Suggested tanks are shed to provide 
drawdown sufficient to allow approximateb ?-minute c cling at 80 11. depthlo Water. daily peak use. For shallower welts. use next she larger tank. Tank models wRh exIra number shown indicate 
lhe number 01 tanks needed 10 provide sufficient drawdbwn at pressure selling shown. -D 
3150 I GRAINGER. ms = Shipped Directly from Manufacturer d= Extended Warranty Available *= New Item 
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I 

1 
I 

I 1 1  ' User'lD: 

I 
4 1  

' I  Password 

Item Details Back 
Electrical > Wire and Cable > Electrical Wire and Cable 

I 

Cord,Portable,25Oft 
All Purpose Cord, Conductor Gauge 10/3, Maximum Voltage 
300, Maximum Current Rating 30 Amps, Nominal OD 0.570 
Inch, Coiled in Carton Length 250 Feet, Cord Type SJOOW, 
Color Black, Stranded Copper Conductors 

Price (ea) : $286.75 Sell Qty (Will-Call)m : I  1 
Manufacturer: CAROL Usually Ships 0 : Today 

I 
Grainger Item: 3ZK61 Ship Qty 0 : I 1 

Mfg. Model#: 01383.85.01 Catalog 395 Page: 5 7 ~  0 

Qty. I I Z  ' , 
I 

i 

Price shown may not reflect your pnce Log-in above,or clickl here to repister 

NOTES & RESTRICTIONS 
See Catalog 395 Page 

I 

1 I 
for application andlor safety infolrnation. 

OPTIONAL ACCESSORIES I 
Accesstrak Kit 
Cable Protector Kit, Channel Height 1.31 Inches, Channel 
Width 1.34 Inches, Height 4.00 Inches, Length 41.06 Inches, 
Width 42.90 Inches, 5 Channels, For 
Price (ea): $982.50 Usually Ships : 1-3 Days 
Grainger Item#: 3BY36 

I 

I 
I 

Duct,Cable Positioning 

TECHNICAL SPECIFICATIONS 

Item Portable Cord 

Gauge Conductor 1013 

Max. Voltage 300 

Max.Amps@ 3o 
120v 

Nominal Outside o,610 
Dia. (In.) 

SpoollCoil Length 250 
(Ft.1 
Jacket Type 

Color Black 
Conductor Stranded Copper 

SJOOW 

Temp. Range -40 to 9ooc 
Oil, Moisture and 
Abrasion Resists 

h ttp : //www. gr ainger . com/Grainger/productdetail .j sp?xi=xi &I temId= 1 6 1 1 76 8 2 7 1 &cci tem= 
._ 

I 

I 

9/27/2004 
I - 

/ I  
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Home I %f Order Form I ++ Compare items I Register I @ Help 

Repair Parts Services Resources Company Info Contact Us Find A Branch Worldwide 

a Advanced Search 

--R 

Ill#- Search 
. . .. 

IKeyword(s) I_ - __. _ _  _ _ _ _ _ _  - I@ZI Catalog No. 395 (PDF) 

Item Details < Back 
LOG IN 

User ID 
1 Pumps 8, Plumbing > Controls > Float Switches 
I Float Switch Extra HD 
Password 

1- 
Extra Heavy Duty Float Switch, Voltage @ 60 Hz 1 15, Cord 
Length 20 Feet, Wire Gauge 14, Starting Current 60 Amps, 
Maximum Running Current 15 Amps, Pumping Range 
MinimumlMaximum 6 To 20 Inches, Tether Length Range 3 
1/2 To Unlimited Inches, Maximum Temp 

Grainger Item: 3BY63 Ship Qty : 1 
Price (ea) : $70.00 Sell Qty (Will-Call)@ : 1 
Manufacturer: DAYTON Usually Ships : Today 
Mfg. Model#: 3BY63 Catalog 395 Page: 3100 El 

lTiCst 

Price shown may not reflect your prke.Log-in above.or click here to register. 

NOTES & RESTRICTIONS 
See Catalog 395 Page 0 for application and/or safety information. 

ALTERNATE PRODUCTS 
Float Switch Extra HD 
Extra Heavy Duty Float Switch, Voltage @ 60 Hz 11 5, Cord 
Length 30 Feet, Wire Gauge 14, Starting Current 60 Amps, 
Maximum Running Current 15 Amps, Pumping 
Price (ea): $75.00 
Grainger Item#: 3BY67 

Usually Ships a : Today 

TECHNICAL SPECIFICATIONS 

Item Mechanical Float Switch 

Volts 115 

Cord Length (Ft.) 20 
Wire Gauge 14 

Starting Amps 96 

15 Max. Amps 
Running 

Pumping Range 5-30 
MinJMax. 

Tether Length 3-22 
Min.-Max. (In.) 

Max. Temp. (F) 140 

Type Extra Heavy Duty 

Included Mounting Strap 

http ://e. grainger.com/Grainger/searchresults.j sp 9 e 0 0 4  
. . -. . -.. . .. 
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Home I Order Form I ++ Compare items I Register I a Help 

Resources Company info Contact Us Find A Branch Worldwide 

Search a Advanced Search 

I Repair Parts Services 
I ,  I, i11- . r .. 

1 i : /  Catalog No. 395 (PDF) 
I 

.. . I I ---".-̂ --. I Keyword(s) 
I 

ILOG IN 
'I 

, 
I , Item Details I /  ! < Back 

Pumps & Plumbing > Controls > Submersible Motor and Pump Control Boxes 
1 

i 

I ,  @jFJ 

I 
1 Dassword 

I 

Pump Control Box,l/Zhp i 
Submersible Pump Control Box, Motor/Pump Powe(l1/2 HP, 
Voltage @ 60 hz 230 Volts, Control Box Type CSCR, Phase 
Single, Height 8 1/2 Inches, Depth 2 7/8 Inches, Width 4 7/8 
Inches, For 3 Wire Motor and Well Pumps 1 D13114P849 
and 4P856 1 
Grainger Item: 4P843 Ship Qty 0 : 1 

I 
I 

Price (ea) : $79.1 5 Sell Qty (Will-Call)a : 11 
Manufacturer: FRANKLIN Usually Ships : Today 
Mfg. Model#: 282405-50 Catalog 395 Page: 31 56 

QtY. I..__.. :I 

, 

I 

I 
I 

TECHNICAL SPECIFICATIONS 
Price shown may not reflect your price Log-m above,or click here to register MotorlPump HP 112 

' I  

' I  

Volts 60 Hz 230V 
NOTES & RESTRICTIONS 
See Catalog 395 Page for application andlor safety infomation. *Ox CSCR 

ID131 For Use with 
Motor Number 

Phase 1 
I 

ALTERNATE PRODUCTS 
Pump Control Box,l/Php 
Submersible PumD Control Box, Motor/PumD'Power 1/2 HP, 

I i /  1 1  

I 

I /  
. l 1  Voltage @ 60 hz 230 Volts, Control Box Type CSIR, For Use Height (In.) 8 112 

Depth (in.) 2 718 
i 'i Price (ea): $53.70 Usually Ships 6 : Today Width (in.) 4 718 ; / I  

I /  

I 1 1 ; :  

With Motor Numbers 1 D131, Phase Single, 

Grainger Item#: ID146 Recommended for Water 

! 

Systems that Utilize a i ! I  
Piessure Switch and 

3 Wire Motor and Well 
Application Safety Relief Valve, For 

t Pump ' $ 1  

Type 3R, Allows for 

' '9/27/2004 ' I  1 1  httF://~~.grainger.com/Grainger/productdetail.jsp?xi=xi&ItemId= 1 6 1 1 77296 1 &ccitem= 
1 1 ' 1  

.. . 
1 
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. .I 

Home I Order Form I ++ Compare Items I Register I Help 

I Repair Parts Services Resources Company Info Contact Us Find A Branch Worldwide 

Search a Advanced Search 

[ Keyword(s) 

-me .. 1111- 

1 -  Catalog No. 395 (PDF) 
- __ __ __ 

LOG IN Item Details < Back 

I Pumps & Plumbing > Controls > Pump Control Boxes 
Pump Control,230 V 
Simplex Pump Control, Voltage Rating 230 Volts, Phase 
Single, Current Rating 32 Amps, Enclosure Type NEMA 1, 
Height 10 1/4 Inches, Width 5 1/2 Inches, Depth 5 Inches 

Price (ea) : $122.15 Sell Qty (Will-Call)B : 1 
Manufacturer: DAYTON Usually Ships a : Today 
Mfg. Model#: ECONl Catalog 395 Page: 3101 El 

User ID 

Password 

1- -_----_. 

Grainger Item: 4BA65 Ship Qty B : 1 11, or e ; 

Price shown may not reflect your price Log-m above,or click here to register 

NOTES & RESTRICTIONS TECHNICAL SPECIFICATIONS 

See Catalog 395 Page for application andlor safety information. Volts 230 

Phase 1 

Amps 32 

Enclosure Type NEMA 1 

Thermal Unit Size NIA 

Height (In.) 10 114 

Width (In.) 5 112 

For Residential, 
Commercial and 
lndustnal Uses, 
Controlling Surface 

h t t p : / / a .  grainger.com/Grainger/searchresults.j sp 
. . . __. .. . . . . . . . , . .. . . . . .. .. . . . . _ .  . 

Application Water, Underground 
Water, Sewage and 
waste Watersystems, 
Lift Stations, Pump 
Chambers, Pump 
Basins, Irrigation 

... ... . .. 



Enclosure Outdoor Use 

Mounting Pole or Wall I 

For Greater Electrical 
Efficiency and Longer 
Pump Life, 
Recommended for Water 

Characteristics Systems that Utilize a 
Pressure Switch and 
Safety Relief Valve, Has 
Pre-punched Holes 

i . .  
I 

I Accepts Up to # I O  AWG Wire 

I Magnetic Contactor 

Contactors and a Heavy 
Duty Pressure Switch 

I I  

1 ;  

I 

, I I Eliminating the Need for ! 

I Auxiliary Boxes, Includes 
I 

I 
I 

I 

I 

I 
Home I Services I Resources I Company Info i Contact Us I Find A Branch I Help I Site Map 
Investor Relations I Terms of Access I Terms of Purchase I Privacy Policy (Rev:10/20/2002) 

0 1994 - 2004 W.W. Grainger, Inc. All rights reserved. 
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1 
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I 
I 

1 

, 
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I !  
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i I/. 
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I 
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Subcontkact No: a 0 2 0 5 7 7  

Project Title: Construction of the Present Landfill Accelerated Action, 

Title and Signature of Accepting Authority: 

Sheet " 1  of 2 

I , '  
i1 

. . . .  



I 
TABLE 1 

ROCKY FLATSLFJELD and LAB TESTING/CO 
SUMMARY OF SOIL DATA 

ROCKY n A T S  ALLUVIUM 

NOTES: LL = LIQUID LIMIT 
PL = PLASTIC LIMIT 
PI = PLASTIC INDEX 
SL = SHRINKAGE LIMIT 

* ASTM D4718 

MoWDen Relatlonsfrip I Additional Testa 11 . 
Comments 
(See Notes) 

Standard Proctor 
PCF @ry) I Molst(?h) 

P I P 

T = TRIAXIAL TEST 
U = UNCONFINED COMPRESSION TEST 
C = CONSOLIDATION TEST 
DS = DlKECT SE€EAR TEST 

PERM = PERMEAElILITY 

J 



4 OR 3 POINT ATTERBERG 

48.94 
-2 

PLASTIC UMFT DETERMINATION ATIOh 
umber of Blows 
'Clght of Wd soil & 
'eight of Dry sod & 
'eight of T m  (Bm) 

25.00 25.00 1O.m 
53.09 51.50 51.5( 
54.00 51.50 

PLASTIC LIMlT (PL) LIQUID LlMlT (LL) m m 
PLASTICITY INDEX (PI) 

lLOWS MC 
32 48.94 3.47 25 ' 

25 52.70 3.22 0.00 
19 53.09 2.94 -2 
0 0.00 #NUM! 

I _ _  - ONE POINT ATTERBERG I 
umber of Blows PLASnCLIMlTS 
&A d W a  E 4  & TPI (Ipn) 

ada daysad& IPI @Ill 

wetght of Tare (Bm) 
Weight of Water (Bm) 
weight of Lhy Sorl (Bm F WaterContmt% 

PLASTICLIMFl 

0 

BLOWS 

K VALUE 

PJASllCITY INDEX (PI) 

I NON-PLASTIC 



US (L4 MATERIAL SIEVE 

T m  Weigh 

'I. + Tare &m) 
uc weigh1 (gm) 

,UI Wei$ll @n) 

x % 

12.0- 

6.0' 

6.0" 

6.0' 

3.0" 

I .5' 

I .O" 

0.7s' 

0.37s. 

u4 

BACK SIEVE 

Tate Weigh8 

niomn AND YEAR 

PROJECT NAME 

PROJECT NWLIBER: 

SAMPLE ID: 
TYPE 

26.10 
16.22 

0.033 14.57 
0.021 13.91 
0.012 13.47 
0.009 13.03 

nnni i n w  

I 



. .  -- .. . . -  

_-__ _ _ _  - -  - - -  - - - - -043;2246.1oOol _ -  ____ - - __ -- -- - - - - _ _ _ _ -  lguSt-04 
. - -  

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT' NAME: Rocky FlatslPield & Lab Testing/CO 

100 

90 

80 

Y, 70 

p 6 0  
a 

50 
S 
i 

g 
n 40 

30 

20 

IO 

0 

u . a10 Y20 MO #60 #I00 1200 

lo00 IO 1 0. I 0.01 0.001 

. -  

F i  CMC MCdlW Fm I Sdt a Clay _ .  - CMC -I 
GRAVEL SAND FmES I COBBLES 

Patlclc si PMlclc SIX 

(mm) %Passu@ Classuicahon PercmIage 
12.0" I 304.8 I 100.0 
6.0" I 154.2 I 100.0 Cobbles 3.03 
6.0" I 154.2 I 100.0 
6.0" I 1542 I 100.0 
3.0" I 75.0 I 97.0 

0.375" I 9.5 I 
# 4 1  4.8 I 

0.43 25.1 Mediumsand 12.19 
0.25 21.4 

# I 0 0  0.15 188 
#ZOO 0.075 FmeSand 8.84 

0 IO 20 30 40 50 60 70 80 W I00 110 
LIQUID LIMIT (LL) 

AlTERBERG LIMITS 

- -  - 

DATE 7/29fZ2004 
. ~ .REVIEW '""E 

- _ _ 7  - - - -  . ___  _ - _  - 

clayey gravel with sand 
__ . ____ _ _  - ___ 



O I m D -  
ASTM D 698 & 1557 

Rocky PlatdField & Lab TestinglCO I 
043-2246.000 1 

BULK 
PREPARATION METHOD A: 20% O R  LESS RETAINED ON #4 

'ROJECT TITLE 
'ROJECT NUMBER 
;AMPLE IDENTITY 
;AMPLE TYPE 

TYPE COMPACTOR 
7 1  

METHOD B: > 20% RETAINED ON #4 AND 
20% OR LESS RETAINED ON 3/8" TYPE PROCTOR 

(1 
dOLD VOLUME (cult) METHOD C > 20% RETAINED ON 3/8" AND 

5.5 4bf. RAMMER WITH 12 INCH DROP < 30% RETAINED ON 3/4" 

dOLD NUMBER 
t10LD WEIGHT (gm) 
dOLD DIAMETER (in) 
dOLD HEIGHT (in) 

I 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETALNED 

DESCRIPTION 

Wet Wt Tare & Soil 
)ry Wt Tare & Soil 
Wt Tare 
Wt Moisture 

Water Content (der) 
Water Content (%) 

Wt Dry Soil . 

Light to moderate yellowish brown (5  YR 516,414) 
clayey gravel with sand 

FRACTION SAMPLE 

#DIVrn! 
#DIVrn! 

TOTAL WEIGHT, WET (COARSE & FINE ) 

TOTAL WEIGHT. DRY (COARSE & FINE \ 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3181' SIEVE nvEn 
WEIGHT RETAINED ON 314" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE 
PERCENT RETAINED ON 318" SIEVE 
PERCENT RETAINED ON 3/4" SIEVE 

POINT RESULTS (PINE) I 2 3 4 5 6 7 

Wt.Soil& Mold (W1) 
Weight of Mold (W2) 
Wt. Of Wet Soil (W3=WI-W2) 

I I I I I I I I 

Wet Density, wd (pcl) (W3/453.6+Vm) 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (%) (W7lW8)'lOO 
Dry Density @e9 (Wd/(l  +we)) 

MAXIMUM DRY DENSITY (pcf) 

Corrected Maximum Dry Density (pcl) 
Corrected Optimum Moisture (%) 

OPTIMUM MOISTURE CONTENT (Yo) 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

USCSI GC 1 
I 

Weight of Oven Dry Sample (gm) 
Weight of SaturatedSurfaceDry (gm) 
Weight of Saturated Sample in Water 
Absorption of Oversize Particles (%) 

Bulk Specific Gravity 

E AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

PI 

TECH 4 
REVIEW 

DATE - 
Golde r Associates 



- - 
0% 5% 10%' -15%- _ _ _  20% - 25%- 30% 35% - 

- - -  
MOISTURE CONTENT % 

MAXIMUM DRY DENSITY I #DIV/O! #DN/O! 
OPTIMUM MOISTURE (%) I #DIV/O! #D N/O! 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

clayey gravel with sand 

USCS 

Rocky Plats/Field & Lab Testing/CO _ ~ _ - -  - - _ -    TECH^ 
DATE 1J0/1900 __ - -- 0 4 3 - 2 2 4 6 . 0 0 0 1 ~ - ~ ~  -- __ - 

REVIEW 
_ _  -- - 

. 



A’ITERBERG LIMITS 

WI. Wa Soil B Tue (gm) 

‘ WI. w soil a T= (ern) 

WI. of Tvc @a) 

WI. ofwas(gm) 

weizhtof~rysoil(ern) 
Moistwe Cmtmc (%) 

AS RECEIVED WATER CONTENT 

394.59 
370.04 
102.76 
24.55 

267.28 
9.19 

Rocky FlatsRield & Lab TestindCO 
043-2246.0001 
A-2 
BULK 

4 OR 3 POINT ATTERBERG I 
PLASnCLlMlTDC’TER 

umber of Blows 
MINATlON 

P U s l l C  UMIT (PL) 

BLOWS M C  
35 41.00 3.56 25 
24 43.07 . 3.18 0.00 
15 . 46.20 2.71 .’ -2 
0 0.00 #NUM! 

ATIOF 

I ONE POINT A’ITERBERC 

Number of Blows PLASnC W T S  
W e d  We - 4  Tnm(au 

CidndLbyW & T C m O  

Weight of Tarc (pm) 
Weight of Water(gm) 
Weight of Dry Soil (gm 
Water Content 9’. i 

P M C  LIMIT (PL) - U 

I NON-PLASTIC I 
LIQUID LIMITS 

$1 dDy Soil 4 T w  (au 

PLASTIC LIMIT (PL) LIQUID LIMIT (LL) 

lNpl lNpl 

lNpl 
PLASTICITY INDEX (PI) 



Le I . -  - .  

I _ _  - . - -  

.. 

. . .  . .  
__ .. - . . .. 
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Cow F k  Cow Masun F k  I silt a a n y  

... .. .. +...::I 
.: , . . !  
. .. _. .. . 
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' -  

. .  . .  
i ?  .. 

IguSt-04  043-2246.0001 
PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 

ASTM D421, D425 D4318 

PROJECT NAME: 
SAMPLE ID: A-2 Depth@): 3 
TYPE: BULK 

Rocky PlatalPleld & Lab TestinglCO 

100 

90 

EO 

ye 70 

p 6 0  
P 

50 

I 

g 
0 4o 

30 

20 

IO 

0 
lo00 100 10 1 0.1 

Particle size in millimeters 

0.01 0.001 

Pnnicle size Particle size 

(m) XFiW 

0.033 15.0 
0.021 143 
0.012 13.4 FmeC 

0.0087 13.1 Silt orClay 19.73 
0.0061 12.7 
0.0030 10.7 

0.001 3 10.3 

uses: 

PLASTICITY CHART 

o to m 30 a 50 60 i o  BO w too 110 
LIQUID LIMIT (LL) 

ATTERBERG LIMITS 
m. LL PL PI spc 
9.2 43 16 27 - I 

DATE 7BOR004 
R E\'I "E E W 



I '  
i 

I _ _ .  . -- 

PROJECT TITLE TEST TYPE 
PROJECT NUMBER ROCEDURE - 
SAMPLE IDENTITY- - ______ - - _ _  _-  _- 
SAMPLE-TYPE--- -- - - 

PREPARATION METAOD A: 20% OR LESS RETAINEDON #4 TYPE COMPACTOR 
pzzEq [-I 

2265 0 hlETHOD B: > 20% RETAINED ON #4 AND 
TYPE PROCTOR 20% OR LESS RETAINED ON 318 

4.581 7 1  
METHOD C: > 20% RETAINED ON 3/8" AND 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cu.ft) 

5.5 4bf. RAMMER WITH 12 INCH DROP < 30% RETAINED ON 3J4" 

WATER CONTENT 

Wet Wt Tare & Soil 
Dry Wt Tare &Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 
Water Content (dec) 
Water Content (%) 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAWED 
FRACTION SAMPLE 

(wl) - TOTAL W I G H T ,  WET (COARSE & FINE 1 n 
TOTAL WEIGHT, DRY (COARSE & FINE 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEICET RETAINED ON 314" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE 

Oy4=Wl-W2) 
(WS=W2-W3) 
(we=W41W5~ #DIV/O! 

PERCENT RETAINED ON 318" SIEVE 
PERCENT RETAINED ON 3/4" SIEVE 

(W4N5)*100 I #DIV/O! 

POINT RESULTS (PINE) 

Wt. Soil & Mold 
Weight of Mold 
Wt;Of Wet Soil -- _- 

Wet Density, wd (pcf) 

WATER CONTENTS 
Wt Tare & Soil 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry SOU 

Water Content (%) 
Dry Density (pcf) 

I I I I I I 6 I 7 1 2 3 4 5 1 
(W1) - 
(W? - . -- --T- _ _  _ _  - -- 

(W3=W I- W2) 
(W3/453 6*Vm) 

- -  - -  - -  _ _ - - -  - 
(W4) "":I 

(W7=W4-W5) 
(W8=W5-W6) 

(w7/w8)*100 
(wd/(l+wc)) 

MAXIMUM DRY DENSITY (pcf) 
DPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density (pco 
Corrected Optimum Moisture (%) - - 

DESCRIPTION Moderate yellowish brown (10 YR 514) clayey 
gravel with sand 

H USCSl GC I 
1 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gin) B 

A 

Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (%) I(B-A)/A1*100 , 

PI 
MC :ty 9.2 

BulkSpecific Gra\ity A4B-C) -1 

AVERAGE BULK SPECIFIC GRAVITY (assumed)- I___ - --- - - v k w  - -- - -  _ -  - - 
- - - - -  - - -E _ -  - -  

AVERAGE ABSORPTION (assumed) 

- 
- 



MOISTURE / DRY DENSITY CURVE 
#DIV/O! 

. . . ;,. ,’... ,.p 
. .. 

... . .  

145 

140 

135 

130 

125 

i: 

95 

90 

85 

80 

15 

SAMPLE LD 
SAMPLE TYPE 

0% 5% 10% 15% 20% 25yo 30% 35% 

A-2 
BULK 

MOISTURE CONTENT Yo 

DESCRIPTION 

USCS 

MAXIMUM DRY DENSITY @cf) I #DlV/O! #DIV/O! 
OPTIMUM MOISTURE (%) I #DlV/O! #DIV/O! 

Moderate yellowish brown (1 0 YR 5/4) clayey gravel 
with sand 

GC 1 

SAMPLE DEPTH[ 3 I 

Rocky FlatsrPield & Lab TestingCO 
043-2246.0001 

““FI PL 

MC pll+l 

REVIEW 

Clnlrinr Assnciates 



R A s n C  LIhlIT DETERMlNAllON ATIOh 

PLASTIC LIMIT (PL) LlQUID LIMIT (LL) 

EEl m 
PLASTICITY INDEX (PO 

BLOWS MC 
35 42.82 3.56 25 
23 44.39 3.14 0.00 42.82 48.30 

0 000 #NUM! 
16 48.30 2.77 -2 -2 50.00 44.73 

I - - ONEPOMTA'ITERBERG - 

LIQUID LIMITS 
WC@I d W a  sal & Tur ( p a )  

W&tdDyW&T.ro@nl 
Weight of Tan (ero) 
Weight of Water (gm) 
Weight of Dry Soil (go 
water Content % 

LIQUID LIMIT (LL) 

0 
PLASTIC LIMIT (PL) 
0 

0 
PLASTlCITY INDEX (PI) 

I NON-PLASTIC 

Number of Blows PLASTIC LIMITS 
W & i d W a  S a l  AT-(& 

W q h t o r ~ M & T m ( r m )  

Weight of Tare (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm 
Water Content % 

_ -- _-- - - - -- _ -  _ -  - -- -PLASTIC Llhlrr(rL) 
ELI 

-- 

LIQUlD LIMITS 

- _ I , - - -  - -  \ I -  -. - 
_.5- ~ 

_ _  - 
LIQUID LIMIT(LL m -- - 



_. .  

. .  . .  - 

.-.^,_,^.. . .-^ 
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__ u g u a t 4  - - - -043-214.6.000 
-PARTICLE SIZE DISTRIBUTI~E &AT%ERBERG LIMITS 

- 
- - _____  - -__- __- -- _ _ -  - - - - -  _- 

ASTM D421, D422, D4318 

PROJECT NAME: Rocky PlatdField & Lab TesHnglCO 

~ 

100 

90 

80 

% 70 

p a  
a 

50 

i 

g 
30 

20 

10 

0 
lo00 100 IO I 0.1 0.01 ' 0.001 

Particle si P d c l e  s i  
(mm) % Passing Classification Percentage 

0.375" I 9.5 I 56.1 

# 4 1  4.8 I 46.4 FincGravel 21.67 
#lo I 2.00 I 43.6 I Coarscssnd I 2.71 
#20 I 0.85 I 37.4 
#40 I 0.43 I 30.1 Mediumsand 13.52 
Mi0 0.25 25.1 

#IO0 0.15 21.4 

#200 ' 0.075 17.8 FineSand 1232 
(4 Wma 

0.033 16.5 

0.021 16.1 
0.012 15.4 Fines 

0.0085 
0.006 I 13.6 

- _ _  - -  

I LIQUID LIMIT (LL) 

ATTERBERG LIMITS 

- -- 

DATE ?129/2004 
- -REVIEW TEcHE _____--- DESCRIPTION: Moderate yellnwish -- brown (IO Y R  5'4) clayey- - - 

gravel with sand _ - -  

- _ _  __ --- - - -- - 
uses: GC- 1 - - -  _ _  . -  - _  - 



O l S S  
ASTM D 698 & 1557 

Rocky PlatdPleId & Lab Testlng/CO 
043-2246.0001 

BULK 

1 'ROJECT TITLE 
'ROJECT NUMBER 
#AMPLE IDENTITY 
SAMPLE TYPE 

TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAME,D ON #4 

pzxGq p G i z q  

7 1  
METHOD B: > 20% RETAMED ON #4 AND 

20% OR LESS RETAINED ON 3/8" TYPE PROCTOR 

METHOD C: > ZOY. RETAINED ON 3/8" AND 
< 30% RETAINED ON 3/4" 

IOLD NUMBER 
4OLD WEIGHT (gm) 
IOLD DIAMETER (in) 
4OLD HEIGHT (in) 
dOLD VOLUME (cu.ft) 

5.5 -1bf. RAMMER WITH 12 INCH DROP 

WATER CONTENT 

Yet Wt Tare & SOU 
)ry Wt Tare & SOU 
Ut Tare 
N t  Molsture 
Nt Dry SOU 
Water Content (dec) 
Water Content (YO) 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT, DRY (COARSE & RINE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3/8" SIEVE (WET) 

WEIGHT RETAINED ON 314" SIEVE (WET) 
PERCENT RETAINED ON # 4  SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 

TOTAL WEIGHT, WET (COARSE & FINE ) 

#DIV/O! 
#DIV/O! 

'OINT RESULTS (FINE) I I I I I I 1 2 3 4 5 6 1 -  7 1 

(W3=Wl-W2) 
Wet Density, wd @e9 (W3/453.6*Vm) ::;; 
Nt.Soil& Mold 
Weight of Mold 
Wt. Of Wet SOU 

WATER CONTENTS 

' 

Wt Tare & SOU W 4 )  I I I I I I ! I 
W t  Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Dry SOU 

Water Content (%) @'7/W8)'100 I I I 1 I I 
Dry Density @cf) (wd/(l +we)) 1 

gravel with sand 
MAXIMUM DRY DENSITY (per) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Marlmum Dry Density @cf) 
Corrected Optimum Moisture (%) 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (%) [(BA)/A1'100 

Weight of Oven Dry Sample (pm) 
Weight of SaturatedSurface-Dry (gm) 

PI 
MC 8.0 

Bulk Specific Gravity 
_I--- 

DATE E REVIEW 

' 

AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

G olde r Associates 

~~ 



. .  . .  . . j  . ;  ..; 

DESCRIPTION 

’ ,  I .  

Moderate yellowish brown (1 0 YR 5/4) clayey gravel 
with sand 

MOISTURE CONTENT Yo _ - -  

MAXIMUM DRY DENSITY @cf) I #DIV/O! #DIV/O! 
OPTIMUM MOISTURE (Yo) I #DIV/O! #DIV/O! 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH PI 

----:--  TECH^ 
DATE 1/0/190 

REVIEW 



. .  . . .  . ' I__L__ - - . .. . . , , _ _ _  , - _I__ _-+ _^.. - ~~. - . . -, - .  . . .. . _. . . . . . . . . . . . . - - ._ .. 
_-I- 

, . . . ,  

WL we SA B ~m (~pn) 

w i h y ~ ~ d ~ ~ m ( g n )  

WL oCTm @ax) 

WL or w.ur (Ipn) 

w*otayw(~pn) 
li%hmcrmeroo 

I " 

460.82 
416.07 
103.67 
44.75 
312.40 
14.32 

1 -  

I 

PRQlEcT NAME 

PROJECT NUMBER: 

SAMPLE ID: 

TYPE 

Rocky FlatslField & Lab TeshgKO 
043-2246.0001 
A 4  
BULK 

4 OR 3 POINT ATTERBERG 

PLAsIlC LIMlT (PL) m 

flON 

LIQUID LIMIT (LL) 

ECl 

ILOWS MC 
33 45.79 3.50 25 
25 46.29 3.22 0.00 
18 47.99 2.89 -2 
'0 0.00 M M !  

45.791 47.99 46.63 46.6 
-2 48.00 46.63 

I ONE POINT AlTERBERG 

BLOWS 

K VALUE 

TRIAL1 TRlAL2 

I NON-PLASTIC 

vmberof Blows Pmnc LIMITS 
d W d  sdl L T.rr. 0 

ei& dLhy Soil AT- 0 

PLASTlC LIMIT (PL) 

lNpl 
LIQUID LIMIT (LL) 

Girl 
PLASTICITY INDEX (PI) 

lNpl 

- . * .  . a .__.: -.-- .-- 

a 



c a- 
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._ .. ,. ' .! : .. 

... . .  . .  
d 

043-2246.00 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLEID: A 4  Depth@): 12 
W E :  BULK 

Rocky PlatslPield & Lab TestinglCO 

100 

90 

80 

% 70 

p m  
a 

50 
a 
1 

g 
. *  

30 

20 

IO 

a 
lo00 100 IO 1 0.1 

Particle size in millimeters 

0.01 0.001 

(mm) w i  
0.033 17.2 
0.021 165 
0.012 16.2 Rna 
0.0087 15.2 Silt orclay 20.90 
0.0062 14.5 
0.0030 13.1 
0.0013 1 2 5  

uscs: 

PLASTICITY CHART 

0 IO 20 30 40 SO 40 70 80 90 I 0 0  110 
LIQUID LIMIT (LL) 

AlTERBERG LIMITS 
M. U PL PI spc 

I 14.3 I 47 I 16 I 31 I - 

REVIEW 



- - - 

CURVES 
ASTM D 698 & 1557 

tOJECT TITLE TEST TYPE 

ROJECT NUMBER 
- -  - 

_.  - 
LMPLE IDENTI?- = _-  __ -- 
LMPLE TYPE-- - - 

PREPARATION hlETHOD A: 20% OR LESS RETAINED ON #4 

-1 pCiiZLT1 
2265 0 METHOD B: > 20% RETAINED ON #4 AND 

TYPE PROCTOR 20% O R  LESS RETAINED ON 318' 

4.58 1 7 1  
METHOD C: > 20% RETAINED ON 318" Ah'D 

[OLD NUMBER 
[OLD WEIGHT (gm) 
[OLD DIAMETER (in) 
[OLD HEIGHT (in) 
[OLD VOLUME (cu.ft) 

5.5 -Ibf. RAMMER WITH 12 INCH DROP < 30% RETAINED ON 3 4 "  

let Wt Tare & Soil 
iry Wt Tare & Soil 
Vt Tare 
Vt Moisture 
Vt Dry Soil 
Vater Content (dec) 
Vater Content (Yo) 

FRACTION SAMPLE 

0.00 
#DIV/O! 
#DIV/O! 

r'ATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

TOTAL WEIGHT, DRY ( COARSE & FlNE ) 

PERCENT RETAINED ON 34'' SIEVE (DRY) w #DIV/O! 

TOTAL WEIGHT, WET (COARSE & FINE ) 

WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 

#DIV/O! 

#DIV/O! 
#DIV/O! d #DIV/O! 

I I I I I 1 I 'OINT RESULTS (PINE) I 2 I 3 4 5 6 7 

Nt. Soil & Mold (W1) - 

e i g h t  of Mold _ _ _  - (WZ) 
Nt. of Wet Soil (WJ=Wl-W2) 
Net Density, wd (pc9 (WN453.6'Vm) 

- -  - _ -  _ _ _  _ -  - - _  _. - - 
WATER CONTENTS- 
Wt Tare & Soil W 4 )  
Wt Tare & Soil (W5) 
Wt Tare (Wa 
Wt Moisture (W7=W4-W5) 
W t  Dry Soil (WS=WS-W6) 

Water Content (YO) (W7/W8)'100 
Dry Density (pc9 (wd/(l +we)) 

~ 

MAXIMUM DRY DENSITY (pcl) 

Corrected Maximum Dry Density (pcf) 
Corrected Optimum Moisture (%) 

OPTIMUM MOISTURE CONTENT (Yo) R DESCRIPTION Pale olive and moderate yellowish brown ( I O Y R  
6/2 and IOYR 5/4) clayey gravel with sand 

I 
USCS GC I 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 

Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (%) [(B-A)/AI*lOO 

Weight of Saturated-Surface-Dry (gm) B 

R1C 1 4 3  

Bulk Specific Gravity A4B-C) -1 
AVERAGE ABSORPTION (assumed) - _. 

REVIEW - -  _ -  
- - AVERAGE BULK SP_ECiPIC GRAVITY (ass - 

-1 -- 



II MOISTURE / DRY DENSITY CURVE 
#DIV/O! 

- .I1 
... . . . .  . . . .. , . 

. .. 
. I  
..: 145 

140 

135 

130 

125 

E I2O 

; ‘I5 
110 

W 
El 105 

100 

95 

90 

85 

80 

75 1 

E 

0% 5% 10% 15% 20% 25% 30% 35% 

MOISTURE CONTENT Yo 

MAXIMUM DRY DENSITY @cf) I #DIV/O! #DN/O! 
OPTIMUM MOISTURE (%) I #DIV/OI #DN/O! 

SAMPLE ID 
SAMPLETYPE 

SAMPLE DEPTH 

DESCRIPTION Pale olive and moderate yellowish brown (1 O Y R  6R 
and IOYR 5/4) clayey gravel with sand 

I 

Rocky PlatsNield & Lab TestingCO 
043-2246.0001 

LLI 47 I 



._ -~ 
.- - 

AS RECEIVED WATER CONIENT PROJ&CT NAME Rocky FlatdField & Lab TestingKO 
043-2246.0001 P R O J K T  NUMBEk T m  No 

WLWdSoil&Tus(sm) 394.47 SAMPLE ID: A-5 

- WL ~ r y ~ o i l  B Tuc (sm) 365.10 TYPE BULK 

Wl. ofwaIs(gm)-- -29.37- - 

_ -  - - 
_ - _  - WLddTU"F)_--  , 102.49 _-- 

- -  - 
- 

- _- 
~ e + d t h y ~ ( g m )  262.61 
M o m  Came! ('A) 

I 
11.18 

4 OR 3 POINT ATTENERG 

PLAsnC LIMIT DETERMlNATlON ATIOh 

PLASTIC LIMlT (PL) LIQULD LIMIT (LL) 

r401 

BLOWS MC 
35 37.21 3.56 25 
28 39.71 3.33 0.00 
18 41.83 2.89 -2 
0 0.00 m! 

.- 

- - -  
_ -  ONE POINT-ATTERBERG - . -  - - -  

_ _ _ _  - I  

Numher of R l n w  

(LL) 

U 
PLAsnC LIMIT (PL) 

0 I 

PLASTICITY INDEX (PI) 
0 

I NON-PLASTIC I 
d W d  hi1 & Tam (#a) 

daysoil &Tm (au 

eight of Water (gm) 
eight of Dry Soil (gm 



Tue No. 

WI. Wn Soil & Tare@) 

W l . ~ S o i l & T s r c @ )  

Wi. of Tur (pm) 

WI. of W.1m fgm) 

Wei&I O f  Lhy soil (pm) 

Moisture Gnmi (%I 

' 

AS RECEIVED WATER CONTENT I HYDROMETER DATA ENTRY SHEET I 
ClONTH AND SEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLE ID: 

TYPE 

.US #4 MATERIAL SIEVE 

Tue Wei@ 

1 0.00 1 

BACK SIEVE 

Tuc Wci&l 

DnCripHD" 

USCS 

WEIGHT OP SAMPLE USED FOR HYDROMETER TEST 

W L  of Sample wec a hy (pm) pmq 

coane rami 

56.90 

29.32 

0.034 11.91 
0.021 11.26 
0.012 10.18 

0.003 
0.001 6.7 I 

a 

,, ....... !.. . - I  .... 



- - - __ - 

COBBLES 

043-2246.M - __ . - - - - I g U S t - 0 4  
- 

- ~ _ -  -- -PARTICLE SIZE DISTRIBUTIOWX-ATTEWERG l h l f i S - -  - -~ _ -  __ 
ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLED: A 4  Depth@): 3 

Rocky PlatslPield & Lab Testing/CO 

cotnc Fuu colnc Mdim F m  I SB OT a.y 

GRAVEL - - _ -  - S A N D -  - - FINES- 

- -  loo 

90 

80 

Yo 70 

p 6 0  
a 

50 
8 

i 

g 
n 40 

30 

20 

10 

0 
100 IO 1 0.1 0.01 0.001 

- Particle size in Wmeters  - - -  - .  ~ __ - ~ - 

Particle S k  Particle si 

0.15 I 16.8 
#200 I 0.075 I 13.8 

0.012 10.2 

PLASTICITY CHART 

0 10 20 30 40 50 60 70 SO 90 I W  110 

LIQUID LIhtlT (LL) 

ATTERBERG LIMITS 

M. u. PL PI spc 
I 11.2 I 24 I - 

DATE 8/4RO( 
REVIEW 

- -- _ -  

~ _ _ _  - _ -  - USCS: 
_ _ _ -  - -- 



I 

USCS 

OISTURE D E ~ E S  
ASTM D 698 & '1557 

sand 

I 
Gc I 

PROJECT TITLE 
PROJECT NUMBER 043-2246.0001 

Rocky Flamield & Lab TeatinglCO 

I 

I I 3.0 SAMPLE IDENTITY A-5 
SAMPLE TYPE BULK 

TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 
pzxzq pziKq 

2265.0 METHOD 6: > 20% RETAINED ON #4 AND 
TYPE PROCTOR 20% OR LESS RETAINED ON 318' 

4.581 7 1  
METHOD C: > 20% RETAINED ON 3/8" AND 

<30% RETAINED ON 3/4" 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 
MOLD VOLUME (cu.ft) 

5 5  4bf.  RAMMER WITH 12 INCH DROP 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

0.00 
#DN/O! 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry SOU 
Water Content (dec) 
Water Content (YO) #DIV/OI 

FRACTION SAMPLE 

TOTAL WEIGHT, DRY (COARSE & FINE ) 
TOTAL WEIGHT, WET ( COARSE & FINE ) 

WEICET RETAWED ON # 4 SIEVE (WET) 
WEIGHT RETAINED ON 3/8" SIEVE (WET) 
WEICEIT RETAINED ON 3/4" SIEVE (WET) 

PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3 4 "  SIEVE (DRY) 

POINT RESULTS (FINE) 

WtSoi l& Mold 
Weight of Mold 
Wt. Of Wet SOU 
Wet Density, wd @cf) 

WATER CONTENTS 
Wt Tare & SOU 
Wt Tare & Soil 
Wt Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (%) 
Dry Density @cf) 

c I I I I 1 6 I 7 1 2 3 4 5 I 

MAXIMUM DRY DENSITY (pcf) 

Corrected Maximum Dry Density (pcf) 
Corrected Optimum Moisture (%) 

OPTUVIUM MOISTURE CONTENT (%) 
DESCRIPTION IModerate brown (5YR 4/4) clayey gravel with I Fl 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (%) I(B-A)IA1*100 "m Weight of Oven DrySample (gm) 
Weight of SaturatedSurface-Dry (gm) 

Bulk Specific Gravity A4B-C) 7 1  

E AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) REVIEW =€ 

Golder Associates 



__- 
----MOISTURE-/ DRY-DENSITY CURVE 

#DIV/O! el' 
145 

140 

135 

130 

125 

120 

- 

s 

E 110 
E 1 1 5  

W 

2 105 
100 

95 

90 

85 

_ _  8 0  
75 

5% 10% 15%- -20%. 25% . %  0% - 
MOISTURE CONTENT % 

MAXIMUM DRY DENSlTY @cQ I #DIV/O! #DN/O! 
OPTIMUM MOISTURE (%) I #DIV/O! #DN/O! 

SAMPLE ID A-5 
SAMPLE TYPE BULK 

-~ 

SAMPLE DEPTH1 3 I 

uses 

Rocky Plats/Pield & Lab Testing/CO 
043-2246.0001- - - -  -- -- 

_ _ _ _  - - 
- - 

PI 



A'ITERBERG LIMITS 

slField .-a. & Lab TestinglCO 

4 OR 3 POINT A'lTERBERG 

ATIOh PLASnC UMIT DETERMINATION 

imber of Blows 

LOWS MC 
32 43.15 3.47 25 

.25 44.23 3.22 0.00 
17 47.40 2.83 -2 

I NON-PLASTIC 

&~dLWSoil L T - 0  

PLASTIC LIMIT (PL) 

PLASTlCllYINDEX(P1) ' ' 

I T 7  

LIQUID LIMIT (LL) 

lNpl 

1 
^ . .  . . .  . 



~ 

WI. Dry Soil k Tare (6m) 

Wt.ofTare(Bm) 

wt. of Wata @I") 

Weigh1 of  Dry Soil (m) 
Moirturc Conlrnl(%) 

US #4 MATERIAL SIEVE 

Tme Weight 

BACK SIEVE 

Tuc Wnghi 1-J 
._ 

Deicnplion 

USCS 

LL TEST BY 

PL DATE SET UP 

PI REVIEW BY 

cobbler 10.17 
marwgmsvc~ 32.24 
f i a e p v c ~  17.70 60.1 1 

m d i u m s d  10.86 
fine rand 24.19 
f i n 5  15.70 

WEIGHT OP SAMPLE USED POR HYDROMETER TEST 

WI ofsample W n  or Dry (Bm) 

I 



Augast-04 043-2246.H 

PARTICLE SIZE DISTRIBUTION & A'ITERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: 
TYPE: BULK 

Rocky PlntslPleld & Lab TesHng/CO 
A 4  Depth (ft): 2 

100 

90 

80 

/. 70 

p a  
B 

50 
I 

i 

g 
D M  

30 

20 

IO 

0 .  
I 0.1 0.01 0.001 IO00 100 IO 

Particle size io millimeters 

ccmc F i i  CCUK M& FkC I sib OT aay 

I SAND RNES COBBLES ORAWL 

P d C l C  size PPItiClC size 

Cobbles 10.17 

154.2 100.0 
3.0" 75.0 

0.75" 57.6 
0.375" 41.7 

0.012 
0.0087 

E 0.0062 11.8 

3 t 0.0013 

0.0030 I 11.0 

1 9.9 

USCS: 

60 

54 

p. 
10 

. .  

o IO m 30 u) so M) 10 80 90 100 110 
LIQUID LIMIT (LL) 

ATTERBERG LIMITS 
M. U n PI spc 

10.2 45 17 28 - 



_ _ _ ~  

'ROJECT TITLE 
'ROJECT NUMBER 
;AMPLE IDENTITY=_ - __ -- _ _ _  
;AMPLE TYPE- __ 

- 

- - - - - ___ - 

TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

2265.0 
rlOLD NUMBER 
rlOLD WEIGHT (gm) 
rlOLD DIAMETER (in) 
vlOLD HEIGHT (in) 4.581 
aOLD VOLUME (cu.ft) 

7 1  
METHOD B: > 20% RETAINED ON #4 AND 

20% OR LESS RETAINED ON 318' TYPE PROCTOR 

METHOD C > 20% RETAINED ON 3/8" AND 
5.5 -Ibf. RAMMER WITH 12 INCH DROP < 30% RETAINED ON 314'' 

WATER CONTENT 

Wet Wt Tare &SOU W1) 
3ry Wt Tare & SOU (W2) 

W t  Tare W 3 )  
Wt Moisture (W4=Wl-W2) 

Water Content (dec) (Wc=W4rwS) 
W t  Dry SOU (W5=WZ-W3) 

Water Content (YO) (W41WS)'IOO 

COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT. WET (COARSE & FINE ) - 
TOTAL WEIGHT, DRY (COARSE & PINE 
WEICET RETAINED ON # 4 SIEVE (WET) 

p z o - p E - 1  
0.00 0.00 

WEIGET R E T m D  ON 318" SIEVE (WET) 
WEICET RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE @RY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) 

POINT RESULTS (FME) 1 2 3 4 5 6 7 I I I I I I I I 

WATER CONTENTS 
Wt Tare & Soil 
W t  Tare & Soil 
W t  Tare 
Wt Moisture 
Wt Dry Soil 

Water Content (YO) (W7N8)'lOO 
Dry Density @cf) (wd/(l +we)) 

MAXIMUM DRY DENSITY (pcf) 

Corrected Maximum Dry Density (pcf) 
Corrected Optimum Molsture (%) 

OPTIMUM MOISTURE CONTENT (Yo) 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (YO) [(B-A)/A1'100 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 

Bulk Specific Gravity 
TECH 1- 

AVERAGE ABSORPTION (assumed) DATE 
~ - REVIEW - - __ - 

- ULK SPEClPlC GRA _ -  - - 

- 
_ _ _ _ _ _ _ _ _ _  

Golder Associates 



I MOISTURE / DRY DENSITY CURVE 

1 #DIV/O! 
A 

. ,  . .  
, .. , 

. .  - 
I 

h4AXMUM DRY DENSITY @cf) I #DN/O! #DIV/O! 
OPTIMUM MOISTURE (%) I #DIV/O! #DIV/O! 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

516) clayey gravel with sand 

USCS 

Rocky Platsmield & Lab TestinglCO 
043-2246.0001 

PI 

REVIEW 

I 

.... 

Gnldnr Associates 



PLASTlC LlMlT DETERMINATION ATIOh 
umber of Blows 

PLASTIC LIMIT (PL) 
ECl 

dLQWS MC 
32 46.28 3.41 25 
22 48.11 3.09 0.00 
17 51.06 2.83 -2 
0 0.00 #NuM! 

_ _ _ _ _ _ _ _ _ _ _ _ ~ _ _  _ _  ___ I- - - _ _  - - _ _  _ -  - _ _  - 

. -  
ONE POINT ATTERBERG 

umber of Blows 

wt dTay Sdl (L Tneigui 

PLASTIC WMIl  I 
PLASIICITY INDEX (PI) 
0 

I NON-PLASTIC 

PLASTIC LIMIT (PL) 
lNpl 

LIQUID LIMIT(LL) 

lNpl 

. .. 



Tare No. 
Wt. Wc( Soil & Tare (gm) 

Wt. Dry Soil & Tare (p) 

w,. orrare (gm) 

w,. or Wal" @I) 

H'cighl of Dry Soil (gm) 

h(okl"rc Conlcnt 1%) 

iDROSCOPlC MOISTU AMPLE 

.. Soil k Tare (gm) 

ySoil8TucIgm) . 

rc Weight (gm) 

,islWC Canlml (Y.) 

US U4 M A T E R W  SIEVE : 

Tam Weight 

BACK SIEVE 

Tare Weight 

A 
R 
.r MONTH AND YEAR 

PROJECT NAME 
,K' .,,, 

PROJECT NUMBER 04% 

DDanc Mnd 

(tnU 

59.09 

25.00 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

WI ofSampleWaorDry(gm) -1 
I DATE I nm I READING I TEMP I HYD.COR.I 

24.40 
24.60 
24.60 

8/6/2004 9 3 6  

816n004 9:46 

8/6R004 1001 

8/6/2004 1031 

8/6/2004 13.41 

0.033 14.14 
0.021 13.10 
0.012 12.89 

0.006 11.85 
0.003 10.40 

, . . . .  . . . . .  



I. * 

__ 3 ~~~ 

A -  - - _  

0.021 13.1 
0.012 12.9 Fm.S 

0.0087 12.5 Silt orClay 15.91 

0.0062 11.9 ~ _ _ _  - ~ - - - ~ - - -  I 
00030-- - -10.4 - . - __ 
00013 10.0 

- 

ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLEID: A-I Depth(!?): 6 

Rocky PlatslPield & Lab TestinglCO 

__ - - - - - - - - - TYPE: - - - BULK . _ _  - ~ __- 

y1 

100 

90 

80 

Yo 10 

p 6 0  
a 

' 50 
8 

i 
n'" 

30 

20 

10 

0 
0.1 0.001 100 10 1 0.01 lo00 

..... 

PLASTICITY CHART 

u 0.15 I 19.1 
#200 I 0.075 I 15.9 

0 10 20 30 40 60 70 80 W 100 110 

LIQUID LIhiIT &L) 

_ 
......... 



ASTM D 698 & 1551 

Wt. Soil & Mold (w1) 
Weight of Mold (w2) 
Wt. Of Wet Soil (W3=WI-W2) 
Wet Density, wd (pcf) (W31453.6'Vm) 

#DIVIO! 1 

~ 

Rocky FlaWPleld & Lab TestlogKO 
043-2246.0001 

DESCRIPTION 

A-7 1 I 6.0 
. BULK I 

Dark yellowish orange ( I O Y R  6/6) clayey gravel 
with sand 

'ROJECT TITLE 
'ROJECT NUMBER 
;AMPLE IDENTI" 
;AMPLE TYPE 

dOLD NUMBER 
dOLD WEIGHT (gm) 
dOLD DIAMETER (in) 
rlOLD HEIGHT (in) 

- TYPE COMPACTOR PREPARATION METHOD A: 20% OR LESS RETAINED ON #4 

-1 pzzzz-j 
METHOD B: > 20% RETAINED ON #4 AND 

20% OR LESS RETAINED ON 3/g4 
2265.0 

TYPE PROCTOR 
4.581 7 1  

METHOD C: > 20% RETAINED ON 3B" AND dOLD VOLUME (cuft) 
5 5  4bf. RAMMER WITH 12 INCH DROP c 30% RETAINED ON 314" 

WATER CONTENT 

Wet Wt Tare & SOU 
)ry Wt Tare & SOU 
Wt Tare ' 

Wt Moisture 
Wt Dry SOU 
Water Content (dec) 
Water Content (%) 

COARSE TOTAL 
FRACTION SAMPLE 

w21 
Ov3; 1 7 1  

(W4=Wl-W21 0.00 0.00 

#DIV/O! 
#DIV/O! 

TOTAL WEIGHT B E P O m  PROCESSING AND PERCENT RETAINED 

TOTAL WEIGHT, DRY ( COARSE & EWE ) 
WEIGHT RETAINED ON # 4 SIEVE (WET) 

TOTAL WEIGHT, WET (COARSE & RINE ) 

' WEIGHT RETAINED ON 3W" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENTRETAINEDON # 4  SIEVE (DRY) 
PERCENT RETAINED ON 3B" SIEVE (DRY) 
PERCENT RETAINED ON 3/4" SIEVE (DRY) ; 

POINT RESULTS (FINE) 1 2 3 4 5 6 7 I I I I I I I I 

Water Content (%) (W7/W8)'100 
Dry Density (pcf) (wdf(l*c)) 

MAXIMUM DRY DENSITY @cf) 

Corrected Maximum Dry Density @cf) 
Corrected Optimum Moisture (%) 

OPTIMUM MOISTURE CONTENT (Yo) 
1 H 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 
Weight of Saturated Sample in Water 
Absorption of Oversize Particles (YO) 

A I I 
B 1 

Bulk Specific Gravity WB-C) 1-1 
AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) E TECH DATE F 

REVIEW 1- 

Golder Associates 



-...............I ..... -..-_^I.^--_ ...... __________--- .... :.- ......... ^_--- ...................................................... 

DESCRIPTION 

- -  - - -  - __ 
MOISTURE / DRY DENSITY CURVE - 

#DIV/O! 

Dark yellowish orange (1 OYR 6/6) clayey gravel with 
sand 

.- 
.. , 

- -  I 

. . . . . . . . . . .  --_..._-I_ .... . . . . . . . . . .  . . . . . .  - . . . . . . . . .  
. . . .  - .  -. . .  -1 ' . .  . .  

, 80 

. . . . .  . . . . . . . .  .. - . -  . .  . .  ~ 

75 . .  . .-. 
. I  . .  

MAXMUM DRY DENSlTY (pcfj' I #DN/O! #DIV/O! 
OPTIMUM MOISTURE (%) I #DIV/O! #DIV/O! 

SAMPLE ID 
* SAMPLE TYPE 

SAMPLE DEPTH PI 
MC "H 13.1 

-- - - _ _  - - _  - 
-- Rocky - _ _  Plats/Field & - __  
-043-2246.0001 

... 

REVIEW 

...................... .... .- ..... . . . . . .  . . . . . . . . . . .  ~~ 



ATTERBERG LIMITS 

w~.wasoilar~~(pm) 
WI. hy w a TUC (pm) 

WL d T m  @m) 

W L o r W m u ~ )  

w ~ o ~ h y s o i l @ m )  
M0kNl-c cmtrm (Yo) 

. I ?  ..;: ,- . ._. 
. ' .,..., .._. 
. .  . . .  
. .a . ._ I' 

326.51 SAMPIXID. 
298.66 TYPE 

101.42 
27.85 
197.24 
14.12 ' 

...._ . '. - 

. BLDWS MC 
29 45.88 3.37 25 
21 47.94 3.04 0.00 
19 50.44 2.94 -2 
0 0.00 #NuM! 

4 OR 3 POlNT ATTERBERG I 
PLASTlCLlMITDETERhUN I 

ei@ of We( Soil & 
cighc O f D r y  Soil L 

lATlON 

Rocky Flats/Field & Lab Testinj~lCO 
043-2246.000 1 
A-7 Dup 
BULK 

. 

45.88 I 41.94 I 50.44 

LIQUID LIMIT (LL) m 
. .  

45.88 

I ONE POINT ATTERBERC 

umber of Blows PLASTIC LIMITS 

d&l drnsml a T.ro (au 

PLASIlC LIMIT (PL) I 0 
PLASTICITY INDEX (PI) 

0 

I NON-PLASTIC 

umber of Blows PLASTIC LIMITS 

eight of Dy W A T.rr Ur4 

LIQUID LIMIT (LL) PLASTIC LIMIT (PL) 

PLASTICITY INDEX (PI) 



__ - . e- 

US M MATERIAL SIEVE 

Tare Wcighl 

m 

. .  

. _. 

DATE S E T  UP 

REVIEW BY 

WEIGHT OF SAMPLE USED FOR HYDROMETER TEST 

Wt of Ssmplr W n  or D!y@) -1 

mbbla 11.44 
msrscpavcl 29.94 
f i n e p v c ~  17.70 
marrc sand 
mediumsand 12.20 
f i n e d  10.16 
f i n s  15.33 

59.09 

25.58 

0.001 



... 

. .  .. .I . . .., i .... \ .-- .-- ., .. ._, . . ,  

COBBLES . .  . ... I SAND FINES CRAWL 

043-2246.00 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLED: A-7 DUQ 
TYPE BULK 

Rocky FlntslPield & Lab TesHog/CO 
Depth(ft): 6 

100 

90 

80 

Yo 70 

p 60 
a 

50 
S 

I 

g 
n 4O 

30 

20 

10 

0 

14.1 4 1  18 29 - 

Particle size Particle size 

#200 I 0.075 I 15.3 I 
(4 % F i m  

0.034 14.0 
0.021 13.6 
0.012 13.1 Fines 
0.0088 1 2 3  SiltorClay . 15.33 
0.0062 11.9 
0.0030 11.0 

0.0013 10.2 

with sand 
USCS: 

TECHP DATE 8/9/20 
 REVIEW^ ME 



'ROJECT TITLE 
'ROJECT NUMBER 

AMPLE TYPE 

_ _  
AMPLE IDENTITY -- 

YATER CONTENT 

Rocky FlntrlPield & Lab Tatlng/CO 
043-2246.0001 

-6.O-- <fz 
- - ~ -  - _  _ _ _ _  - -A17 D F  I--- I 

BULK 

Yet W t  Tare & Soil 
)ry W t  Tare & Soil 
Yt Tare 
Nt Moisture 
W t  Dry Soil 
Water Content (dec) 
Water Content (%) 

(W1) 

wzi 
(W3=WI-W2) 

- (W3/453.6*Vm) 

- -  - - _- 

COARSE TOTAL 
FRACTION SAMPLE 

#DIV/O! 
#DIV/O! 

- -__ __ - -_  - - - 
_- 

TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

TOTAL WEIGHT, DRY ( COARSE & FINE ) 

PERCENT RETAINED ON 314" SIEVE (DRY) 

WEIGHT RETAINED ON # 4 SIEVE (WET) 
WEIGET RETAINED ON 3/8" SIEVE (WET) 
WEIGHT RETAINED ON 314" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 
PERCENT RETAINED ON 3/8" SIEVE (DRY) 

TOTAL WEIGHT, WET ( COARSE & PINE ) 

'OINT RESULTS (PINE) 1 2 3 4 5 6 1 1 I I I I I I I 
?t:Soil& Mold 
Weight of Mold 
Wt. Of Wet Soil 
Wet Density; wd (pcf) 

-- 

- - _  

Water Content (%) (W7/W8)*100 
Dry Density (pcf) (wd/(l +wc)) 

MAXIMUM DRY DENSITY @cf) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density @cf) 
Corrected Optimum Moisture (%) 

DESCRIPTION Dark yellowish orange (1 OYR 6/6) clayey gravel F] " s c s l l  
Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 
Weight of Saturated-Surface-Dry (gm) 
Weight of Saturated Sample in Water (gm) c I I 
Absorption of Oversize Particles (%) [(B-A)/AI*lOO 

Bulk Specific Gravity 

AVERAGE ABSJ33PTION (assumed) 
A V z d k C E  BULK SPECljVjC G R e I I  (assumed) - 

- 

PI 

TECH 7 
-:-REVIEW - - -  __ 

- -  
- _ .  



........................................... _,.__ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  - . . . . .  

I 

ti MOISTURE I DRY DENSITY CURVE u #DIV/O! 

MAXIMUM DRY DENSITY @ct) I #DIV/O! #DN/O! 
OPTIMUM MOISTURE (%) I #DIV/OI #DN/O! 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

USCS 

Rocky PlatslPield & Lab TestingKO 
043-2246.0001 

PI 

REVIEW 

Golder Associates 



~~ - ~ 

=,.- . _.--___,_ . ,__^_.____,._,___._^__ . c___c_____-__" . ................................................... ...... 

.. - ........ 

I PLASTlC LIMIT DETERMINATION 

umber of Blows 

PLASTIC UMIT (PL) m 
PLAsllcfn INDEX (PI) 

BLOWS MC 
32 43.81 3.47 25 
21 45.62 3.30 0.00 
15 52.19 2.11 -2 
0 0.00 #NUM! 

ATlOh 

LIQUID LIMIT (LL) m 

43.871 ::: 46.69 46.6 
-2 46.69 

. . . . . . .  __ - .......... -. . ONE 

ofWater(gm) 1 ::! J 
Weight of Dry Soil (pm 

Water Content % #DIV/O! #DIV/O! 

I PLAsTlC LIMIT (PL) 
n 

PLASTICITY INDEX (PO 

0 

LIQUID LIMITS 

LIQUID LIMIT (LL) 
n 

I NON-PLASTIC 

umber of Blows 

ei$~toCDysoil&T~(go) 

.- 

PLASTIC LlhUTS 



Tare No. 

WL. W d  Soil k TMC (gm) 

WI, Dry Soil k Tue  (p) 

Wi.ofT.re(gm) 

WI. of W a l a  (gill) 

Wdghh(a i~Soi l (gm)  

Moklurc Conlcnl ('A) 

US U4 MATERIAL SlEVB 

T u c  Weigh1 
I 0.00 I 

BACK SIEVE 

TMC Weight 

P R W E C T  NUMBER: 

SAMPLE I D  

TYPE 

D n d p l l o o  

USCS 

L L  TEST BY 

PL 

PI REVIEW BY 

DATE SET U P  

H'EICHTOFSAblPLE USED FOR HYDROMETER TEST 

wt o f s ~ l e u ' ~ o r ~ l & n ~  (:;-5l 
DATE TIME READING TEMP HYD COR 

'L8flhW!: I 9 3 5  . R T cc 

oouwraod 

55.96 

26.15 

I lW).o( 



ASTM D421, D422, D4318 

PROJECT NAME: 
SAMPLE ID: A 4  Depth(ft): 3 

Rocky PlatdPleld & Lab TesttnglCO 

100 

90 

80 

% 70 

p 60 
a 

50 

I 

g 
30 

20 

10 

0 
1000 100 10 1 0.1 0.01 0.001 

. ..  

Particle sizc PartiCICSizc 

#20 I 0.85 I 
#40 I 0.43 I 
#60 0.25 24.2 
#lo0 0.15 20.8 

#200 0.075 17.9 FineSand 10.06 

r 
(mn) %PI 

0.033 I 15.6 
0.021 I 14.9 1 0.012 1 i4.i' 1 Fines I 0.0087 Silt or Clay 17.89 

0.006 I 13.4 

PLASTICITY CHART 

0 I O  20 30 40 50 60 70 BO 90 I00 110 
LIQUUJ LIMIT (LL) 

ATTERBERG LIMITS 
PI spc M. LL PL 

I 11.6 I 47 I 18 1 29 I - 



.. . 

. .  

... . 
IC.- 

. .  

DESCRIPTION 

0m-c- 
ASTM D 698 & 1557 

Dark yellowish orange to moderate brown 
(IOYR6/6.5YR4/4) clavev mvel  with sand I 

PROJECT TITLE I R o c b  PlntdPleld & Lab Tatlae/CO 1 TESTTYPE I D698 #DIV/O! I 

USCS 

" I 
PROJECT NUMBER 043-2246.0001 PROCEDURE #DIV/O! #DIV/O! I 
SAMPLE IDENTITY A 4  I I 3.0 

I - .- I 
Gc I 

SAMPLE TYPE 
I 

BULK I 
TYPE COMPACTOR PREPARATION 
I] pxGzzJ 

TYPE PROCTOR 

MOLD NUMBER 
HOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
HOLD HEIGHT (In) 

. -- 

METHOD A: 20% OR LESS RETAINED ON #4 

METEOD B: > 20% RETAINED ON #4 AND 
20%' OR LESS RETAINED ON 3B' 

I SI.O&rd I 
. METHOD C > 20% RETAINED ON 3D" AND 

5 5  -1bf. RAMMER WITH 12 INCH DROP '< 30% RETAINED ON 3 4 "  

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 
FRACTION SAMPLE 

TOTAL WEIGHT, DRY (COARSE & FINE) 
Wet Wt Tare & SOU TOTAL WEIGFIT, WET ( COARSE & FINE ) 

WEICWT RETAINED ON # 4 SIEVE (WET) 
WEIGBT RETAINED ON 318" SIEVE (WET) 
WEIGHT RETAINED ON 3/4" SIEVE (WET) 
PERCENT RETAINED ON # 4 SIEVE (DRY) 

Dry Wt Tare & SOU 
W t  Tare 
Wt Moisture 
W t  Dry SOU 
Water Content (dec) #DIVrn! 
Water Content (%) #DN/O! PERCENT RETAINED ON 318" SIEVE (DRY) 

PERCENT RETAINED ON 3/4" SIEVE (DRY) 

. .  

I I I I I I I 7 POINT RESULTS (FINE) 1 2 3 4 5 6 1 
W l l  I I I I I I I 1 Wt.SoU& Mold 

Weight of Mold 
Wt. Of Wet SOU 
Wet Density, wd @cf) (W3/453.6*Vm) 

WATER CONTENTS 
Wt Tare & SOU 
Wt Tare & SOU 
W t  Tare 
Wt Moisture 
Wt Dry SOU 

. I  

(W7=weWs) I I I I I I 
(W%WSW6) - 

Water Content (%) (W7N8)*100 
Dry Density @cf) (wW+Wc)) 

MAXIMUM DRY DENSITY @e9 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density @cf) 
Corrected Optimum Molsture (YO) 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (%) (@-A)/A]*100 

Weight of Oven Dry Sample (gm) 
Weight of SaturatedSurface-Dry (gm) 

PI 

Bulk Specific Gravity 

E AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

Eq== 
REVIEW 

Golde r Associates 

B 

B 



#DIVlO! J 
140 135 1- 

\ h \  110 

105 

100 

95 

90 

85 

- lo!!! __ 15% -_ 20% 

MOISTURE CONTENT Yo 

25% 30% 35% 

MAXIMUM DRY DENSITY (pco I #DIV/O! #DIV/O! 
OPTIMUM MOISTURE (Yo) I #DIV/O! #DIV/O! 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

DESCRIPTION Dark yellowish orange to moderate brown (10YR6/6, 
5YR4/4) clayey gravel with sand 

USCS GC I 

R o c h  PlatslPield & Lab TestinejCO 



ATTERBERG LIMITS 

WL We Soil&Tarc(gm) 

w t ~ ~ o i l a ~ a r c ( g m )  

WL d T u s  (sm) 

WL d wIla 
w w  day soil(sm) 

~ o i m m  corn- r,) 

. . 1  

. . . i  . .  
- .-.. .~ - .  

SAMPLE I D  A-9 
TYPE BULK 

421.3 1 
394.22 
99.94 
27.09 
294.28 
9.21 

- 

M C  LlMlT DETERMINATION ATIOh 
umber of Blows 

wcigtll of W d  Soil 
weight of Dry soil 8t 

Weight of water (pm) 
Weight of Tare (gm) 

Weight of Dry Soil (gm 
water contenl% I 

I PLAsnC LIMIT QL) LIQUID LIMIT (LL) 

DEI 

45.421 50.86 41.60 41.6 
-2 52.00 41.60 

BLOWS MC 
33 45.42 3.50 25 
23 48.41 3.14 0.00 
16 50.86 2.11 -2 
0 0.00 #NUMI 

I ONE POINT ATTERBERG 

umber of Blows 

d#totCaysoil b T n  0 

Wei@ of Water (gm) 

ater content % 

PLAsnC LIMIT QL) n 

BLOWS 

K VALUE 

PLASTICITY INDEX (PI) 

0 
I 

NON-PLASTIC 

lumber of Blows PLASn' 
/ei@ d W a  S d  & Tm @) 

ld#tofCaysdl d Tno (& 

Weight of Tan (gm) 
Weight of Water (gm) 
Weight of Dry Soil (gm 0.00 

LIQUID LIMIT (LL) P W C  LIMIT (PL) 

PLASTICITY INDEX (PI) 

Colder Associates Inc. 



e 
........ .- 
. . . .  -. 



. .. . .  : ,.. . .:..I >.:. ..::.:.- .. . . . ...., .. . . ... 

.. . . .  
o)-) 

#20 
#40 
#60 

1pst-04 043-2246.00 

PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS 
ASTM D421, D412, D4318 

PROJECT NAME: 
SAMPLE ID: A-9 Depth(ft): 10 
TYPE: BULK 

Rocky PlatsiField & Lab TestinglCO 

100 

90 

80 

70 

p 6 0  
a 

50 
8 

I 

g 
n 4 0  

30 

20 

IO 

0 

0.85 39.1 
0.43 32.7 McdiumSpnd 13.20 
0.25 283 

lo00 100 

#I00 I 0.15 I 25.0 
#Zoo I 0.075 I 21.6 

IO 1 0. I 

Particle size in millimeters 

Fmesand 11.05 

0.01 0.001 

CMC Fine Come M d l r m  Fine I Silt OT Clay 

COBBLES ORAVEL I SAND FINES 

Particle Sizc Particle Sizc 

154.2 

37.5 

0.75" 
0.375" 59.9 

#IO 2.00 

(-1 wms 

0.021 I 17.5 
0.033 I 18.5 

21.64 
0.01 1 
0.0086 
0.0059 
0.0030 
0.0012 

DESCRIPTION: Moderate yellowish brown (5YR 414) clayey gravel 
with sand 

USCS: 

PLASTICITY CHART 

I '  
0 IO 20 30 40 50 60 70 80 90 100 110 

LIQUID LIMIT (LL) 

ATTERBERG LIMITS 
M. LL PL n s p c  

I 9.2 I 48 I 18 I 30 I - 

REVIEW 



. . .  . . . .  . . . .. . . . . . . . , . , . . . . . . -. . . . . . . . . . . . . .... . . . . . . . . . . . 

DESCRIPTION 

I _ -  - .- 

Moderate yellowish brown (5YR 4/4) clayey 
gravel with sand 

I Rocky PlatdPield & Lab Taling/CO 
043-2246.0001 

'ROJECT TITLE 
'ROJECT NUMBER 
;AM-PLE IDENTI'I- - 
IAMLLE TYPE= 

- - _ _  - - - - - 

HOLD NUMBER I AH-I I 
HOLD WEIGHT (gm) 
HOLD DIAMETER (In) 
HOLD HEIGHT (in) 

1 

TYPE PROCTOR 
I Standard I 

5.5 -1bf. RAMMER WITH 12 INCH DROP 

ON #4 

METHOD B: > 20% RETAINED ON #4 AND 
20% OR LESS RETAINED ON 3/8 

METHOD C: > 20% RETAINED ON 3M" AND 
30% RETAINED ON 314" 

WATER CONTENT COARSE TOTAL 
FRACTION SAMPLE 

TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

Wet Wt Tare & SOU 
D r y  Wt Tare & Soil 
W t  Tare 
Wt Molsture 
W t  Dry SOU 
Water Content (dec) 
Water Content (YO) 

. .- 

TOTAL WEIGHT, DRY (COARSE a FINE ) 
TOTAL WEIGHT, WET ( COARSE & HNE ) 

WEIGHT RETAINED ON # 4 SIEVE (WET) 

WEIGHT RETAINED ON 318" SIEVE (WET) 
WEIGHT RETAINED ON 3N" SIEVE '(WET) 

PERCENT RETAINED ON # 4 SIEVE lDRW 

PERCENT RETAINED ON 314" SIEVE 
PERCENT RETAINED ON 3/8" SIEVE 

~~~ ~~ 

POINT RESULTS (FINE) 1 2 3 4 5 6 7 I I I I I I I I 
Wt. Soil & Mold 
Weight of Mold 

Wet Density, wd (pcf) 
Wt. o r w e t s o u  - -- - 

(W1) 
(W2) 

(W3=Wl-W2) 
(W3/453.6*Vm) 

9 
- _ _ _ -  

- -  c -  - -- - -  WATER CONTENTS - 
Wt Tare & SOU 
Wt Tare & SOU 
Wt Tare 
Wt Moisture 
Wt Dry SOU 

Water Content (YO) (W7/W8)*100 I I I I I I 
Dry Density (pcfj (wd/(l+we)) I 
MAXIMUM DRY DENSITY (pcf) 
OPTIMUM MOISTURE CONTENT (%) 
Corrected Maximum Dry Density (pcf) 
Corrected Optimum Moisture (YO) USCS GC I I 

Specific Gravity And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (%) ' [(EA)/A1*100 

Welght of Oven Dry Sample (gm) 
Weight of Saturated-SurfaceDry (gm) 

Bulk Specific Gravity 

PI 
MC ":H 9.2 

TECH 1- 
AVERAGE ABSORPTION (assumed) 

-... -- 



L 

MOISTURE / DRY DENSITY CURVE 
#DIV/O! 

i 

145 

140 

135 

130 

125 

120 

115 
E 

g! 110 
E 
Y 

105 

100 

95 

90 

85 

80 

75 3 

5% 10% 15% 20% 25% 30% 35% OYO 
MOISTURE CONTENT Yo 

1 #DIV/O! #DN/O! 
OPTIMUM MOISTURE (%) I #DIV/OI #DN/O! 

MAXIMUM DRY DE'NSlTY @cf) 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

DESCRIPTION Moderate yellowish brown (SYR 4/4) clayey gravel I 
with sand 

I 

Rocky PlatslPield & Lab TestinglCO 
043-2246.0001 . 

PI 

REVIEW 

Golder Associates 



. . . . . .  . .  . . . . .  . . ... . . . . . . .  _... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . -  . .  

- -- 
ATTERBERG LIMITS _ -  - _ --_ _ _ _  - - __ - - - - __ - - -  

AS RECEIVED WATER COMENl PROJECTNAME Rocky FIatdField & Lab TestingKO 
Tuo No. PROJECT NUMBER: 043-2246.0001 

SAMPLE I D  A-10 
TYPE BULK 

- - __ __ - - - -- 

4 OR 3 POlNT ATTERBERG 

. .  
PLASllC LIMIT DETERMINATION LIQUID LIMIT DETERMINATIOB 

umberofBlows 
le1ght of wet soil & 

PLASTIC LIMIT (PL) 

PLASTICITY INDEX (PI) 

)LOWS MC 
32 50.32 3.47 25 
26 53.21 3.26 0.00 
17 54.16 2.83 -2 
0 0.00 #NUM! 

LIQUID LIMIT (LL) m 

50.321 54.16 52.38 52.31 
-2 56.00 52.38 

PLASTIC LIMITS 

~ d D r y S a l d T . r o ( g m )  

PLASTIC LIMIT (PL) 

0 

0 
PLAsIlCITY INDEX (PI) 

1 BLOWS 

1 KVALUE 

LIQUID LIMIT (LL) 

0 

I NON-PLASTIC 

umber of Blows PLASTIC LIMITS 
dghldwa s d  dT.ro *) 

C i $ I l O t D V S 4 d T . r o O  

'eight of Tare (gm) 
'el@( of Watcr(gm) 
'eight of Dry Soil (gm 
'atcr Content % 

LIQUID LIMITS 

9 I) 



AS RECEIVED WATER CONTENT 1 HYDROMETER DATA ENTRY SHEET I 
MONTH AND YEAR 

PROJECT NAME 

PROJECT NUMBER: 

SAMPLE ID: 

N P E  

.US #4 MATERIAL SIEVE 
Tue Weigh1 

BACK SIEVE 

Tare Weigh1 

USCS 

LL 

PL DATE SET UP 

PI REVIEW BY 

WEIGHT OFSAMPLE USED FOR HYDROMETER TEST 

wi o f s q l e  wet n ~ r y  ( ~ m )  

I 

1 



. . . . . . . . . .  .................................. . . . . . .  ~ . . . . . . . . . . . . .  _ . . . . . . . . . . . . . . . . . . . . . .  

lgIlSt-04 043-2246.0001 
._ - - - -  -_--_PARTICLE SIZE DISTRIBUTION & ATTERBERG LIMITS - .- -- _ _ _ _ _  _ _ _ -  .- -- 

ASTMD421, DZZ, D4318 
.... 

P R O J E a  NAME: 
SAMPLE ID: A-IO Depth@): 4 

Rocky PlatdField & Lab TestiogKO 

90 

80 

Yo 70 

p 60 
a 

50 
8 

i 

g 
n 4O 

30 

20 

10 

0 
100 10 0.001 lo00 1 0.1 0.01 

Particle size in millimeters 

1. - 
cmrx Fmc Coure McdrlDll Fhu I Sdl (x a a y  

COBBLES - GRAVEL I SAND FMES _- - . -  - - - - -  
Particle slze Particle Size 

(mm) %Passing Clsssification Pcrccntage 

12.0" 304.8 100.0 ' 

6.0" 1542 100.0 Cobbles 6.87 
6.0" 154.2 100.0 

6.0" 154.2 100.0 

PLASTICITY CHART 

3.0" I 75.0 I 93.1 
1.5" I 37.5 I 66.6 

4.8 I 
#10 I 2.00 I 29.9 I CoarScSand I 3.60 
#20 0.85 26.1 

#60 0.25 20.2 
#40 0.43 . 22.6 MediumSand 7.22 

#loo I 0.15 I 18.0 
#200 I 0.075 I 15.7 Finesand 6.89 

0 I O  20 30 40 50 60 70 80 90 100 110 

LIQUU) LIMIT (LL) 1 15.75 

0.032 
0.021 
0.012 12.6 Fines 

Silt or Clay 

ATTERBERG LIMITS 
PI spc M. LL PL 

7.8 52 21 31 - I 

DESCRIPTION: hfodaatte brown (5YR 3/4) clayey gravel with sand T E C H ~  
................ -~ ...... . .... . . . . . . . . . . . . . . .  ~. . . .  

uses: Gc I 



II ASTM D 698 & 1557 

USCS 

..... 

... - 

sand 
I 

Gc I 

1 

BULK 
PREPARATION METHOD A: 20%' OR LESS RETAINED ON #4 

PROJECT TITLE 
PROJECX NUMBER 
SAMPLE IDENTITY 
SAMPLETYPE 

MOLD NUMBER 
MOLD WEIGHT (gm) 
MOLD DIAMETER (in) 
MOLD HEIGHT (in) 

TYPE COMPACXOR 
7 1  

METEOD B: > 20% RETAINED ON #4 AND 
TYPE PROCTOR 20% OR LESS RETAINED ON 318" 

METHOD C: > 20% RETAINED ON 3/8" AND 
< 30%. RETAINED ON 314" 

MOLD VOLUME (cu.ft) 
5.5 -ibf. RAMMER WITH 12 INCH DROP 

WATER CONTENT COARSE TOTAL TOTAL WEIGHT BEFORE PROCESSING AND PERCENT RETAINED 

Wet Wt Tare & Soil 
Dry Wt Tare & Soil 
Wt Tare 
Wt Molsture 
WtDrySoil , 

Water Content (dec) 
Water Content (YO) 

FRACTION SAMPLE 

ti 1-1 
#DN/O! 

TOTAL WEIGET, DRY (COARSE & PME) 
TOTAL WEICET, WET (COARSE & FINE ) 

WEIGHT RETAINED ON # 4 SIEVE (WEn ~ -~ 

WEIGHT RETAINED ON 3B" SIEVE (WETI 
WEIGHT RETAINED ON 314" SIEVE (WEn 

PERCENT RETAINED ON # 4 SIEVE 
PERCENT RETAINED ON 3/8" SIEVE 
PERCENT RETAINED ON 34"  SIEVE 

POINT RESULTS (PINE) 1 2 3 4 S 6 7 I I I I I I I 1 

(W*Wl-W2) 
Wet Density, wd @cfJ (W3/4Y.6*Vm) ::;; 
iWt.Soil& Mold 
'Weight of Mold 
W t  Of Wet Soil 

WATER CONTENTS 
Wt Tare & Soil (W4) 
Wt Tare & Soil (Ws) 
Wt Tare (Wa) 
Wt Moisture (W7=w4-w5) 
Wt Dry Soil (ws=w-w 

Water Content (YO) (W7/WS)*l00 
Dry Density @cf) (WW+wC)) 

MAXIMUM DRY DENSITY @e9 
OPTIMUM MOISTURE CONTENT (Yo) 
Corrected Maximum Dry Density@cfJ 
Corrected Optimum Moisture (YO) 

DESCRIPTION IModerate brown (SYR 3/4) clayey gravel with I 

Specific Gravlty And Absorption of Coarse Aggregate - ASTM C 127-88 

Weight of Oven Dry Sample (gm) 

Weight of Saturated Sample in Water (gm) C 
Absorption of Oversize Particles (YO) [(B-A)/Al*lOO 

Weight of SaturatedSurface-Dry (gm) B 

Bulk Specific Gravity A4B-C) I I. I 
TECH 

E AVERAGE ABSORPTION (assumed) 
AVERAGE BULK SPECIFIC GRAVITY (assumed) 

1 
REVIEW DATE E 

B 

D 

C 
Golder Associates 



. . ,  ._ . . " .  ..... . . ._ . . ._  ... . . . . . . . . .  . c - . . .  . .. . . . . .  . .  . . _ .  . .  . . . . _ _ _ . . .  

DESCRIPTION 

. .. 

Moderate brown (5YR 3/4) clayey gravel with sand 

0% 5 Yo 10% 15% 20% 25% 30% 35% 
- -  

I - - - -  - MOISTURECONTENT%- 

MAXIMUM DRY DENSITY @cf) I #DIV/O! #DN/O! 
OPTIMUM MOISTURE (Yo) I #DIV/O! #DN/O! 

SAMPLE ID 
SAMPLE TYPE 

SAMPLE DEPTH 

I 

USCS GC I 

- 

Rocky PlatslPield & Lab Testing/CO 

___ - 
043-2246.0001 

- _ _ _ ~  - 



REQUEST FOR ACCEPTANCE OF THE FOLLOWING ITEMS (This section to be initiuted by the Subcontractor) I 1  I 3ectionlI , 1 1  I 1  

ro: 1 I /  I From: I 1 SubmittalNo. 40 I /  I 
I / j  Subcontract No: KEI020577 

I 1  yr. Bob Davis Paul Kreitz 
T E T S  I '  1 I1 S.M. Stoller Corporation 
10808 Highwayl93, Unit B Bldg 116 
S o l d e n , \ w  80hO3-8300 Lafayette, CO 80026 

I . Previous Submittal No. 
1 I /  

I ; I  
990 South Public Road, Suite A 

I I 1 I' I 1  

2 1  I I /  
Specificition See. No. (Cover only one section with each Submittal) 

I I 
Project Title: Construction of the Present Landfd Accelerated Action I I '  

' 1 1  
I 1 1  I I 
Item I Description of Item Submitted I MFG. O r  Contr. Cat., Curve I No. of I Contract Reference Deviation I Contractor ' I 

Drawing or  Brochure No. Copies 1 DOC 

Paragraph No. 

1 1  - (Type, size, model number, etc.) 
1 1  I (See Instruction #8) Spec. 

, I  I 

l e. 
I 1 %  , .  

' la. '1 b. c. d. 

NIA 1 6  NIA 
I 

- - -- 
~~~~ 

--w rVCln Remarks: 
[ndorrect/l cub&ed as RFI 39; should be mI* 

(DWuwa w m  THE INFORMAW 'O(VEN.THEREIN. 
m C T O R  IS RESPONSWLE F O R  CONHRMA. 

I " I  rK)N AND C O R R E U T D N  Of ALL DIMENSIONS AT THE 
CONSTRUCnON SITE; FOR INFORMATION M A T  I 
PERTAINS SOLELY TO FABRICATION PROCESSES OR T o  
TECHNIQUES OF CONSTRUCTION; A N D  FOR 1 cmRw--- ' 

' hction Code 1 I 
I 
' I  
1 1 ,  

1 ' 1  

(See Instruction 
#6) (See ,pstruction 

Sheet No. 

T I I I 

I certify that the above submittal items have been received 
in detail and are correct and in strict conformance with the 
contract drawings a-cificathns esccpt 'as otherwise 
noted. 

Signature of Subcontractor: I 
I 

Title and Signature of Accepting Authority: 

Sheet 1 of 2 

I 



For Submittal of Shop Drawings, Equipment Datil, Material Samples, 
Manufacturer’s Certificates of Complianrc, o r  Other 

(Read Instructions prior to initiating this form.) 
Date: 

. 

jectiori I 

Mr. Sob  Davis Paul Kreitz 
XFETS 
1080s Highway 93, Unit B Bldg 116 990 South Public Road, Suite A 

jpecif’ication Sec. KO. (Cover only one section with each Submittal) 

i 
i 

1011104 New Submittal 

j 

Item Description of Item Submitted 
No. (Type, size, model number, etc.) 

;I. I>. 
1 Soft Spot Repair Material for “wet” 

spots - Son-woJen geotextile 

! 
! 

1LLOWINC; ITEMS (This section to be initiated bjj the Subcotrtr.acfor.) 
I Submittal No. 39 

MFG. Or Contr. Cxt.,  cur^ 
Drawing or  Brochure No. 

(See Instruction #8) 

C. 

NIA 

Subcontract No: KH020577 

Previous Subniitt:il So .  I 
j 

Project Title: Construction of the Present Landfill Acce1er;ited .Action 
! 

Dt.vi;ition j C o 11 t r ii c‘ t o r No. of 1 Contract Reference 
Copies 

d. 

6 

Docu 
Spec. 

Paragraph No. 

e. 

NIA 

lent 1 (See 1iwt;uctioii .-\ction Code i 
(See Iiistructioii $9) D r a \v i  iig 

Sheet No. i I 

f. 11. 
I I 

i 
g. I 

~~ ~~ 

i 1,certify that the above submittal itenis have been received 
in detail and are  correct and in strict conformance with the 
contract drawings and sDecifications escept 11s otherwise 

Enclosures Returned (List by Item No.): Title and Signature of Accepting Authority: 

---___ - -I 

Signature of Subcontractor: I 

” _.___.---- 
noted. .’. + <a 

I 

I 

1) :I te : I 

1 
j 





October 1.2004 

S M  Stoller 
Ann: Jim Erickson 
Fax 303-443- 1408 
Phone: 303-546-4300 

RE: 8 oz N&WOI Gcutdile - Rocb F7mt Projed 

Colorado Lining is pleased to submit the following quotation for the above m.Smnced project: 

Matrrinl 

Prices arc for inaterial only, valid for 30 days and are FOB Shipping point With freight allowed. 

Prices include dcljverj to Roc*ky Fhzfs. 

Priccs d u d e  any and all tnxe.c, fees, permiu unloading and stomge. installation, pipc boats. andmccllanlcnl 
fastening. 

P o y m c ~  terms are p a  cunimn t a m s  with SM Stoller. 

WE apprdate Ihc upportunity to offer this proposal and look f o d  to doing business wilh you. plcasc call should 
you bavc any q u d o n s  or necd additional information 

Regards. 

DanE. Lahr 
%nior Estimator 



U ) V U I U A A  A m  I / I  
1 

X 
1 1  

For Submittal of Shop Drawings, Equipment Data, Mateqal Sa 
Manufacturer's Certificates of Compliance, or Other I Date: 10/13/04 

(Read Instructions prior to initiating this form.) 
I 

I I I I ('1 Resubmittal I 

Subcontract No: KH020577 

j I '  I 

Sheet 1 o f ' 2  
\ I  

, I '  , I ,  
~ 1 ,  
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Shipping Order - Packing List - Original - Not Negotiable 
GSE Lining Technology. Inc. at HOUSTON,TEXAS Shippers No. 44689 

Weight 

3,740.0 

3,690.0 

3.698.0 

3.658.0 

Ship To: Colorado LininglRocky Flats Present 
10808 Hwy 93, Unit B MV72 
Golden CO 80403 

Project# 515122 

Freight charges are 
prepaid unless marked 

:.?box i f  collect. 

0 
Customer P.O. #: 

09128104 Date: 

Roll Certifications 
Included 

Branch Plant: 1500 . .62181 1 

Shipping Instructions : 
Contact Dan L. 303 841 -2022 24 hrs prior t o  delivery 

- 
No. 

e!!! 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1.2 

- 

Ron I 

1041 23244 

1041 23249 

104123259 

104123263 

1041 23264 

1041 23268 

1041 23269 

1041 23270 

1041 23272 

1041 23273 

1041 23275 

io4123276 

QTY 
Shipped 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

Total Quantity: 1 5 1 ,2 50 

UM - 
SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

Kind of Package, Desuipdion of Articles. 
Special Marks, and Exceptions 

U W 6 0 A 0 0 0  

LLD060A000 

LLD060A000 

LL0060A000 

LLD060A000 

LLW60A000 

LLD060A000 

LLW60A000 

LLDO6OA 000 

LLD060A000 

LLD060A000 

LLO060A000 

60 mil Avg UltraRex 
Elk. VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

6 0  mil Avg UltraFlex 
Elk, VF, Smooth, 22.5'. 

60 mil Avg UltraFlex 
Elk, VF. Smooth. 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltreFkx 
Blk. VF, Smooth. 22.5' 

6 0  mil Avg Ultraflex 
Elk, VF, Smooth, 22.5' 
60 mil Avg Ultraflex 
Elk. VF, Smooth, 22.5' 
60 mil Avg UltraFkx 
Elk, VF, Smooth. 22.5' 
60 mil Avg Ultraflex 
Elk. VF, Smooth, 22.5' 

Sales Order 

,36824, ' SO 

30966 

delivered to consignor. 
3.71 8.0 consignor shall sign the 

following statement. 
Carrier may decline to 

3,738.0 deliver this shipment 
without payment of 
freight and all other lawful 

' 

3.734-0 charges. 

3.728.0 

3.71 6.0 

3,720.0 ~ocal Verification 

Signature of Consignor 

Signed: 

X 
3.71 7.0 

lSeal# 

Truckers P.0. # 

Total Weight: 45,277.00 

Driver Requirements: CARRIER NAME: 
1) Drlvar must pre call 24 hrs prior to delivery and .on Friday for Monday delivery. 
2) Driver must call (281) 230-6781 when unloaded. 
3) Drivar must call and advise any dela In transit. 
4) A copy of this B/L must sccompanyireight Invoice. 

SIGNATURE: 

DATE: 

nnicihi1\i ^.^. . - 



- _ _ - - -  . -__. .. 9 . -  . . - ._ 

-Shipping Order - Packing-List - Original - Not Negotiable=- 
Shippers No. 44689 -=m GSE LInlng Technology. Inc. at HOUSTON,TEXAS - 

d s d  mt ka#sIon. texas (ran GSE Unlw Tecmology. Inc. the popeny derdbed bdow, In wparenl OOOd Mdw, exMpr N noted (untenu 8nd cadltkn ol psckaga unkmwnl, marlred. conrlgnsd. 
ddanhed ma hQcated balow, whkh rddcanhr agrees to- tothe place of d e h q  a raid destlnatbn. It lsmvtuatly agreed m toaach Carrkr of JI or any said pr-, over SR or M y  paaOn 

J( dd r m  todednation, ad as toeschpsny at any tkna intermted in dl a any of rdd propeq. chat W w  sscvke peffonnsd hatawder shall be subtact totha rates end umtrscc agreed to ln 

carder trecapmlng tha frelght and (21 fha cdrrbr's name sppearlng on this Bill of Lading. ad 0 t h  canlam must look sdely to e party othe~ than GSE uning techmlogy, Inc. fa payment. 
w r h g  by GSE unlng Techndcgy end Crrkr.  GSE unlw~ TShnology's Obllg~bn to pay frdght charges for the SNannenl b cadttlaned on Ill the existence of a sepsratevtlten cOnn!r-wkf-th~ - - 

- -  

- e 
~- - 

- - 

. -  . 

09/28/04 Ship To: Colorado LininglRocky Flats Present Date: 
10808 Hwy 93, Unit El MV72 
Golden CO 80403 Roll Certifications 

I ncl uded 
Branch Plant: 1500 521 81 1 

Shipping Instructions : 
Contact Dan L. 303.841 -2022 24 hrs prior to delivery 

. Sales Order 

36824 SO 

- 
No. 

13 
E?! 

14 

Roll X 

121000713 

121000716 

QN 
Shipped 

45 

5 

_ _  

K i n d  of Peckage, Description of Articles, 
Special Marks, and Exceptions 

VFROD5MM Ultranex Welding Rod 
UltraFlex Welding Rod 

VFROD5MM 5 mm VF Welding Rod 
UltraFlex Welding Rod 

~. .. 
. .  . .  

Weight Project# ,515122 

675.0 Freight charges are 
prepaid unless marked 
collect. 
Check box if collect. 

75.0 

0 
Customer P.O. 1: 

36966 
- -  

If this shipment is to be 
- delivered.to consignor, 

consignor shall sign the 
following statement. 
Carrier may decline to 
deliver this shipment 
without payment of 
freight and all other lawiu 
charges. 

Signature of C o n r i g n ~  

Local Verif ication 

Signed: 

X 

Pick Up # . 

Seal # 

I Truckers P.O. # 

Driver Requirements: CARRIERN . . 

2) Driver must call (281) 230-6781 when unloaded. 

4) A'copy of this B/L-must accompany!relght Invoice. - 

CARRIER SIGNATURE ~ 1) Driver must pre call 24 hrr prior to delivery and on Friday for Monday delivzry. 

- 3) Driver must call and advise any dela in transit. - _ _  DATE: ~- - - 



~ 

. . . . . . .  ........... . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

' Chevron Phillips 9/1/2004 1:33 PM PAGE 1/001 Fax Server 

CoA Date: 09K)1/200 d) 

I .  

Certificate of Analysis 

Shipped To: GSE LINING 'i?EXHNOLOGY INC 
' 19103 GUNDLE ROAD 

HC 

WESTFIELD TX 77090 
, USA 

Recipient: DON BOHAC 
F a x  

CPC Delivery #: 86708432 

Weight: 184350 LB 
Ship Date: 09/01/2004 
Package: BULK 
Mode: Hopper Car 
Car #: 
Seal No: 429520 

- .  PO #: 30131 

PSPXOO2072 

Product: PE 7104 BULK 

Lot Number: CRG8 12060 

. Property Test Method Value Unit 
I 

Melt Index ST- 103 0.35 g/l Omi I 

i ' Density .* 
' Production Date 

ST-292 0.918 glcm3 
08/01 /2004 

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there is  no warranty of any kind, either expressed or implied, applicable to its use, and the user 
assumes all risk and liability in connection therewith. 

I 

Kay F. Donaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at 713-2894799 



Certificate of Analysis 

Shipped To: GSE LINING TECHXOLOGY INC HC CPC Delivery #: 8671 1033 
PO # 30131 19103 GUNDLE ROAD 

WESTFIELD TX 77090 Weight: 183300 LB 
USA Ship Date: 09/03/2004 

Package: BULK 
Mode: Hopper Car 
Car 8t: GOCX058 103 
Seal No: 429778 

Recipient: DON BOHAC 
Fax: 

Product: PE 7104 BULK 

Lot Number: CRH8 10060 

Property Test Method 

Melt Index 

Production Date - - ._ 

Value Unit 

ST-1 03 0.34 g11 Omi 
Density ST-292 0.9 19 - glcrn3 

- .  8/2/2004 - 

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there is no warranty of any kind, either expressed or implied; applikble to its use, and the user 
assumes ell risk and liability in connection therewith. 

Kay F. Donaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at 7 13-2894799 
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Roll Test DatQ Report 
'ninn Technotom. Inc. 

ROLL IDENTIFICATION 

Roll No. I041 23244 

* RESIN LNFORMATION 
Roll Number 104123244 Lot Number CRG812060 

-* r n k  1 -  

Product Name Lm60A000 DPe 71 04 

Production Date 9/25/2004 Supplier Chewon Phillips 

Length =(+I- 1%) 560 feet GSE M S I N  TEST DATA 
171 meters 

Proueq Test Method Resulls Wi& (Nominal) 22.5 feet 

Sheet Area 12,600 sq. feet Mell index, g/IO min. ASTM D 1238 (190L2.16) 0.35 

6.9 meters Density, g/cc ASTM D 1505 0.918 

1,170 sq. meters 

Weigltt 3,740 pounds 
1,696 kilograms . 

Test Test Customer Minimum Test Results 
Method Frequency English Metric English Me& Physical Propem 

Thickness, mil (mm) ASTM D 51 99 

every roll 60 ( 1.5 ) 61 ( 1.5 1 Average 

Minimum ' every roll 54 ( 1.4 ) 58 ( 13 1 
Tensile Properties: ASTM D638,Type IV ID6693 

Break Strength, ppi (N/cm) - TD every 4th 228 

- MD every 4th 228 

, Break Elongation, % - TD gauge length = 2.0' 

I MD (51 mm) 

Tear Resistance, Ib. (N) ASTM D 1004 

every 4th 800 

every 4th 800 

281 

285 

935 

-TD every 4th 33 ( 147 ) 42 ( 185 1 
- MD every 4th 33 ( 147 ) 43 ( '192 ) 

Puncture Resistance, Ib. (N) ASTMD4833 . 
every 4th . 84 ( 374 ) 124 ( 551 ) 

Density, g h  

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 1505 
. every4th 0.920 0.929 

ASTM D 1603' 
every 4th 2.0 

every 4th 9 
ASTM D 5596 

2.4 

10 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . .  . . . . .  .......... . . .  ................ .................. 
I 

. . .  
Production Date 9/26/2004 Supplier Chemn Phillips 

GSE RESIN TEST DATA 560 feet 
171 meters 
22.5 feet ProDerty Test Method Results 

Lertgth a(+/- 1%) 

width (Nominal) 

Sheet Area 12,600 sq. feet . Melt index, g/IO min. ASTM D 1238 (190/2.16) 0.35 

6.9 meters Density, g/cc ASTM D I505 0.918 

1,170 sq. meters 

Weight 3,690 pounds 
1,674 kilograms 

Physical Property Test Test Customer Minimum Test Results 
Method Freauencv Endish Me& Enelish Metric 

Thickness, mil (mm) 
Average 

Minimum 

Tensile Properties: 
Break Strength. ppi (Ncm) - TD 

- MD 

Break-Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) 
- - -TD 

- MD 

Puncture Resistance, Ib. (N) 

Density. g/cc 

Carbon Black Content, % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5199 

ASTM D638,Type IV I D6693 

gauge length = 2.0' 

(51 mm) 

ASTMDl004 . 

- - _  

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every rdl 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

~~ 

60 ( 1.5 ) 61 ( 1.6 1 
54 ( 1.4 ) 59 ( 1.5 1 

228 273 

228 277 

800 901 

800 923 
- - - u  - -  

33 ( 147-.) 4 0 -  ( ' 1 7 8  ) . 

33 ( 147 ) 40 ( 179 1 

84 ( 374 ) 123 ( 546 ) 

0.920 0.929 

2.0 2.5 

9 10 

- . ~- __ 
. . .  

. .  . -~ - .  . 
........... 

-. . ~. 



~~ 
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Roll Test Data Report 
. inp Technolow. Inc. Roll No. 10412325 

. RESIN INFORMATION 

- m, 
ROLL IDENTIFICATION 

Roll Number 104123259 

Product Name uDo6~Aooo 

Lot Number 
O p e  

CRG812060 

7104 

Production Date 9126f2004 Supplier Chevron Phillips 

Length ==(+I- 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Property Test Method Results width (Nominal) 22.5 feet 
6.9 meters Dens@, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D 1238 (190n.16) 0.35 
1,170 sq. meters 

Weight 3,698 pounds 
1,677 kilograms 

Test Test Customer Minimunt Test Res& 
Method Frequency English Metric English Metric Physical Property 

Thickness. mil (mm) ASTM D 51 99 

Average every roll 60 ( 1.5 ) 61 ( 1.5 1 
Minimum 

Tensile Properties: 
Break Strength, ppi (N/cm) - TD 

- MD 

every roll 

every 4th 

every 4th 

every 4th 

(51 mm) every 4th 

ASTM D638.Type IV I D6693 

gauge length = 2.0' 

ASTM D 1004 

54 ( 1.4 ) 59 ( 1.5 1 

228 

228 

800 

800 

271 . 

274 

91 3 Break Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) 
-TD 

- MD 

Puncture Resistance, Ib. (N) 

every 4th 

every 4th 

33 ( 147 ) 

33 ( 147 ) 

ASTM D 4833 
84 ( 374 ) 111 ( 496 1 every 4th 

Density, g'cc ASTM D 1505 
0.928 every 4th 0.920 

Carbon Black Content. % ASTM D 1603' 

ASTM D 5596 

2.3 every 4th 2.0 

Carbon Black Dispersion 
Views In Cat1 - Cat2 10 every 4th 9 



. . . . .  . . . . . . . . . . . . . . . . .  ..__..___- - .... .. .... \ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  

. - ~ ~~ .~ - 
.-I----- ~- 

. - 
- _  - ~ - RollT'eTt-Dah-Repsrt . .  

Roll No. 104123263 

ROLL IDENTIFICATION . RESIN L N F O M T I O N  

. _ _  .- 
e:- -~CRG812060. -. 
. . .  -- _. - ~. -- . ~ . . 

- -. - 
~- -. 

Product Name ~A~ 7104 

Production Date 9/27/2004 Supplier Chekon Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length X ( 4 -  1%) 

ProDerht Test Method Results width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D IS05 ' ' 0.918 

Sheet Area 12,600 sq. feet 
1,170 sq. meters 

Weight 3,658 pounds 
1,659 kilograms 

Melt index, g/IO min. ASTM D 1238 (190L2.16) 0.35 

Test . Test Customer Minimum Test Results 
Method Frequency English Metric English Mebic Physical Property 

Thickness, mil (mm) ASTM D 51 99 
Average every roll 60 ( 1.5 ) 61 ( 1.5 1 
Minlmwn every roll 54 ( 1.4 ) 59 ( 1.5 1 

Tensile Properties: ASTM D638,Type IV ID6693 
Break Strength. ppi (Wcrn) - TD 

- MD 

__ __ - Break Elongation,-%:TD - - 

- MD 

Tear Resistance. Ib. (N) 

- MD 

Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

every 4th 228 271 

every 4th 228 274 

913 every 4th 

(51 mm) every 4th 800 - 922 
_ - -__  - 

800 
-- - -  

_ _  gauge length E 2.0' - 

ASTM D 1004 
every4th - 33 ( 147 ) - 40 ( 180 1 - . - -  . 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every 4th 33 ( 147 ) 40 ( 177 

every 4th a4 ( 374 ) 111 ' ( 496 ) 

every 4th 0.920 0.928 

every 4th 2.0 2.3 

every 4th 9 10 

. .~ . . ~  . . . . . .  ........ . . . . .  
- - - ~ - - 

... 
- 

~- . - .  
- 
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Roll Test Data Report 
'ninp Technoloav. Inc. 

ROLL DENTIFICATION 

Roll No. 1041232 

RESIN LNFORMATION 

1 r n b  
CRG812060 

7104 

Chevron Phlllips 
. . .  

Lot Number 

Ope  
Supplier 

Roll Number 104123264 

Product Name UD060A000 

Production Date 9/27/2004 .. 

Length =(+I- 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Property Test Method Resuh  (Nominal) 22.5 feel 
6.9 meters Dens@, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190D.16) 0.35 
1,170 sq. meters 

Weight 3,670 pounds 
1,665 kilograms 

Test Test cuslomer Minimum Test Results 
Method Frequency English Me& English Metric Physical Property ' 

ASTM 0 5199 
every rdl 60 ( 1.5 ) 61 ( ,1.5 1 

Minimum every roll 54 ( 1.4 ) 58 ( 1.5 1 
Tensile Propenies: ASTM 0638,Type IV I 06693 

Break Strength, ppi (N/cm) - TD every 4th 228 324 

- MD every 4th 228 351 

Break Elongation, 9'' - TD gauge length = 2.0' every 4th 800 916 

- MD (51 mm) every 4th 800 1102 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD every 4th 33 ( 147 ) 42 ( 186 1 
- MD every 4th 33 ( 147 ) '  44 ( 195 1 

Punctum Resistance, Ib. (N) 

C a h  Black Content, 'YO 

Ca&on Black Dispersion 
Views In Cat1 - Cat2 

ASTM 0 4833 
every 4th 84 ( 374 ) 115 ( 512 ) 

ASTM D 1505 
every 4th 0.920 

ASTM 0 1603' 
every 4th 2.0 

every 4th 9 
ASTM D 5596 

0.930 

2.5 

10 

Order No. 36824 
C U b m e r  Name Cdorado Lining International 
Project Name Rocky Flats Present Closure 

Location Golden, CO 9/27/2004 .. . #.e_ _I 



Production Date 9/27/2004 Supplier Chevron Phillips 

Length =(+I. 1%) 560 feet GSE RESIN TEST DATA 

ProDertv Test Method 
171 meters 

Results width (Nominal) 22.5 feet 
6.9 meters Densify, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Mell index, g/lO min. ASTM D 1238 (190L2.16) 0.35 

Weight 3,718 pounds 

1,170 sq. meters 

1,686 kilograms 

. Test Test Customer Minimum Test Results 
Method Frequency English Mebic English Met& ' Physical Property 

Thickness, mil (rnm) 
Average 

Minimum 

ASTM D 51 99 

Tensile Properties: ASTM 0638,Type IV ID6693 
Break Strength, ppi (Wcm) - TD 

- MD 
-Break Elongation, %=TD ~- gauge length2 2.0' 

- MD (51 rnrn) 

' - Tear Resistance, Ib. (N) ASTM D 1004 -- . 
-TD 

- MD 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

-- -_ 

60 

54 

- -  

- -33 

33 

Puncture Resistance, Ib. (N) ASTM D 4833 
every 4th 84 

Density, g/cc ASTM D 1505 
every 4th 

every 4th 

every 4th 

Carbon Wck Content % ASTM D 1603' 

Carbon Black Dispersion ASTM D 5596 
Views in Cat1 - Cat2 

( 1.5 1 
( 1.4 1 

228 

228 

800 

800 
- _ _  

( -147 ) 

( 147 1 

( 374 

0.920 

2.0 

9 

336 

320 

937 

1018 
- .. - 

2.5 

10 

- - -  _- 

9/27/2004 
- - _  . 



~ ~~ ~ ~ 
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Roll Test Data Report 
'ninn Technobm Inc. 

ROLL IDENTIFICATION 

Roll No. 1041232 

. RESIN INFORMATION 
Roll Number 104123269 Lot Number CRG812060 

Product Name UJO60A000 O p e  7104 

- r n D  

Production Date 9f27/2004 Supplier Chevron Phillips 

Length q+/- 1%) 560 feet GSE RESIN TEST DATA 

width (Nominal) 22.5 feet Prouerty Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Areu 12.600 sq. feet Melt index, g/IO min. ASTMD 1238 (190L2.16) 0.35 
1,170 sq. meters 

3,738 pounds 
1,696 kilograms 

Weight 

Test Res& Test Test Customer Minimum 
Method Frequency English Metric English Mebic Physical Property 

Thickness, mil (mm) ASTM 0 51 99 
61 ( 1.6 1 Average every roll 60 ( 1.5 ) 

Minimum every roll 54 ( 1.4 ) 57 ( 1.5 1 
Tensile Properties: ASTM D638,Type IV ID6693 

Break Strength, ppi (Wcm) - TO every 4th 228 336 

- MD every 4th 228 320 
Break Elongation, % - TD gauge length = 2.0' every 4th 800 

- MD (51 mm) every 4th 800 

Tear Resistance, ib. (N) ASTM D 1004 

937 

1018 

- TD every 4th 33 ( 147 ) 45 ( 200 1 
- MD every 4th 33 ( 147 ) 45 ( 202 1 

every 4th 84 ( 374 ) 122 ( 543 ) 
Puncture Resistance, Ib. (N) ASTM D 4833 

Density. g/cc ASTM D 1505 
every 4th 0.920 0.928 

Cahn Black Content, X ASTM D 1603' 
every 4th 2.0 2.5 

Carbon Black Dispersion ASTM D 5596 
Views in datl - cap every 4th 9 10 

Order No. 36824 
Cu&mer Nume Colorado Lining International 
Pmject Nume Roc@ Flats Present Closure 
LocaLion Golden, CO .. a--I:c-4 

912712004 



Production Date 9/27/2004 Supplier Chevron Phillips 

Length =(+A 1%) 560 feet GSE RESIN TEST DATA 

width (Nominal) 22.5 feet ProDerhr Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D I238 (190/2.16) 0.35 
1.1 70 sq. meters , 

Weight 3,734 pounds 
1,694 kilograms 

- -~ 

Test Test Customer Minimum Test ResuUs 
Method Frequency English Mebic English Me& Physical Property 

Thickness, mil (mm) 
Average 

Minimum 

ASTM D 5199 I 

Tensile Properties: ASTM D638,Type IV / D6693 
Break Strength, ppi (N/cm) - TD 

- MD 

every.roll 60 ( 1.5 ) '  

every roil 54 ( 1.4 ) 

every 4th 228 

every4th __ spo 

every 4th 228 

336 

320 

937 

1018 
_ .  

. .  

45 ( 200 

45 ( 202 

- -Break Elongation,-% - TD - - gaugeiength=2.0' - 

- MD (51 mm) 

ASTM D 1004 - . ._ - -  Tear Resistance, Ib. (N) 
- TD 

e 
- _ _  __ - 

every 4th 

eveiy4th 33 

every 4th 33 

800 

( 147 ) -  

( 147 I 

( 374 1 

0.920 

2.0 

9 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 
every 4th 84 122 ( 543 

Density, s/cc ASTM D 1505 
every 4th 0.928 

I carbon Black Content, % ASTM D 1603. 
every 4th 2.5 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 5596 
every 4th 10 



~ ~~ 

. .  . .. . ..._ , _ _ _ . . . . . .  . . . . . .. . . , .  

I 
i .  Roll Test Data Report 

'ninp Technolow. Inc. 

ROLL IDENTlFICATlON 

Roll No. 1041232 

, RESIN 1NFORMATION 
Roll Number 104123272 Lot Number CRH810060 

Product Name 7104 

Production Date 9/27/2004 Supplier Chevron Phillips 

Length =(+A 1%) 560 feet GSE RESIN TEST DATA 

I 1  r n D  

171 meters 
Propetty Test Method Resulrs Width (Nominal) 22.5 feet 

6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12.600 sq. feet Melt index, g/lO min. ASTM D 1238 (190D.16) 0.34 
1,170 sq. meters 

Weight 3,728 pounds 
1,691 kilograms 

~ 

Physicul Property Test Test Customer Minimum Test Res& 
Method Frequency English Metric English Mebic 

Thickness, mil (mm) 
AVerage 

Minimum 

Tensile Properties: 
Break Strength, ppi (Wcm) - TD 

- MD 

Break Elongation, X - TD 

- MD 

Tear Resistance, Ib. (N) 
-TD 

- MD 

Puncture Resistance, ib. (N) 

Density. 

Carbon Black Content. % 

carbon Black Dispersion 
Views in Cat1 - cat2 

ASTM D 5199 

gauge length = 2.0' 

(51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every dl 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 . ( 1.4 ) 

228 

228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

a4 ( 374 ) 

0.920 

2.0 

9 

31 7 

329 

905 

1054 

121 ( 540 1 

0.928 

2.3 

10 

Order No. 36824 
&&mer Name Cdorado Lining International 
h j e c t  Name Rocky Flats Present Closure 
Location Golden, CO 

9/28/2004 .. . . A.I. - > 



- _ _  - - . - -  __  -~oU--T~st=Dat(sr~~~p~rt  - - 
- - - _ _ _ _ _ ~ _ _ _ _  -_  __ __ - _ _  _ _ _  - - , _ -  __ - 

Dim Technolom. Inc. 

ROLL IDENTIFICATION . RESIN INFORMATION 

Roll No. 104123273 

- - - I_ ____ 04123273-1____- ~ LbtNumber=% I 
- ______ ____I_I - - _ _ _ _ _ _ _ I _  _ _ _ -  - - - - -  _ _  

=Roll Numbe 
Product Name LLW60A000 O p e  7104 

' Production Date 9f28&304 Supplier Chevron Phillips 

Length qd- 1%) 560 feet GSE RESIN TEST DATA 

Width (Nominal) 22.5 feet 

171 meters 
ProDeIt)! Test Method - Results 

6.9 meters Dertsity, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/10 min. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

1,686 kilograms 
Weight 3,716 pounds 

Physical Property Test Test Customer Minimum Test Res& 
Method Freauencv Enalish Metric English Metric 

. Thickness,mll(mm) 
Average 

Minimum 

Break Strength. ppi (Wcm) - TD 
Tensile Properties: 

- MD 

Break Elongation, YO - TD 
__I_ _ _  _ _  

- MD 

Tear Resistance, Ib. (N) 
- _ I _  _ _ .  . -TD- __ ._ 

- MD 

Puncture Resistance, Ib. (N) 

Density, g/= 

Carbon Black Content, % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5199 
every dl 60 ( 1.5 ) 62 ( 1.6 1 
every roll 54 ( 1.4 ) 58 ( 1.5 1 

ASTM D638,Type IV / 06693 
every 4th 228 31 7 

every 4th 228 329 

gauge length = 2.0' every 4th 800 905 
- _-_I_ - __ _ _  _ - -  - 

every 4th - -800 1054 . (51 mm) - 

- _ASTMD 1004 

ASTM D 4833 

ASTM D 1505 

A S W  D 1603' 

ASTM D 5596 

. .  - ._ - -  . _  

every4th - 33-- - ( - 147--)- -- 4 4  ( 194 1 
every 4th 33 ( 147 ) 46 ( '205 ) 

every 4th e4 ( 374 ) 121 ( 540 ) 

every 4th 0.920 0.928 

every 4th 2.0 2.3 

every 4th 9 10 ' 

. 
. .  

.- .. - .. . . 

.. . 

. .. 
_. -. 



Roll Test DatQ Report 
' n i m  Technolow. Inc. Roll No. 104123275 

. RESIN INFORMATION 

1. r n b  
ROLL IDENTIFICATION 

CRH810060 

7104 

.Chevron Phillips 

Lot Number 

TYPe 
Supplier 

RoU Number 104123275 

Product Name LKm60A000 

Production Date 9fW2004 

560 feet CSE RESIN TEST DATA 
171 meters 

Length qd- 1%) 

w m  (Nominal) 22.5 feet Prouem Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 

Weight 

12,600 sq. feel 
1 ,170 sq. meters 

Melt index, g/IO min. ASTM D 1238 (190L2.16) 0.34 

3,720 pounds 
1,687 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Metric English Metric Physical Propeq 

Thkkness. mn (mm) 
Average 

Minimum 

Break Strength, ppi (N/cm) - TD 

AsT)(r( D 5199 

Tensile Properties: ASTM D638,Type IV / 06693 

-MD . 
. Break Elongation, YO - TD gauge length = 2.0' 

- MD (51 mrn) 

Tear Resistance, Ib. (N) 
- TD 

- MD 

Puncture Resistance, Ib. (N) 

Carbon Black Content X 

Carbon Bladc Dispersion 
Views in Cat1 - Cat2 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTMD 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th. 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

.228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

330 

338 

926 

'06' 

123 ( 546 ) 

0.928 

2.6 

10 

Order No. 36824 
Cmhmer  Name Colorado Lining International 
Project Name Roc@ Flats Present CbSUE 

Location Golden, CO 9/28/2004 .. I...l;c-.l 



- 
__ 

- - _ _  - -- Roll-TeTFDiita- Report - 
-- 

Technolopv. Inc. Roll No. 104123276 

ROLL IDENTIFICATION . RESIN INFORMATION 
--- -____ 

- - - - - -- __ - _ _  
Product Name Ulo6oA000 TYPe 71 04 

ProducrionDate 9@=004 Supplier Chevron Phillips 

Lerigth E(+/- 1%) 560 feel GSE RESIN TEST DATA 

width (Nominal) 22.5 feet ProDe- Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/lO mint. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

1,686 kilograms 
Weight 3,717 pounds 

Test Test Customer Mininucni Test Res& 
Method Frequency English Mebic English Metric P h y s W  Property 

Thlckness, mil (mm) 
Average 

Minlmum 

Break Strength, ppi (Wcm) - TD 
Tensile Properties: 

- MD 

- -Break Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) - 
-TD 

- MD 

Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Call - Cat2 

ASTM D 51 99 

ASTM D638,Type IV I 06693 

_ _  gauge length = 2.0' I 

(51 mm) 

ASTMD 1004 . 
.. 

ASTM,D 4833 

ASTM D 1505 

every rdl 

every roll 
c 

every 4th 

every 4th 

every 4th 

every 4th 
- 

every 4th 

every 41h 

every 4th 

every 4th 

ASTM D 1603' 
every 4th 

ASTM D 5596 
every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 

- -800 
. .  

-33 (---147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

330 

338 

. 926 
~ 

- 1061 

- 4 4  ( 195 . )  

46 ( 205 1 

123 ( 546 ) 

0.928 

2.6 

10 



.. . . . . ......... . ..... .... . .. .. . . . . .  . . . .  

anippiriy uraer - racwng LIST - uriginai - NOT ivegorrame 
GSE Uning Technology, Inc; at HOUSTON,TEXAS Shippers No. 44854 

s 

t .  Date: 09130104 Ship To: .Colorado LininglRocky Flats Present .. . .  . . 
Golden 10808 Hwy CO 80403 93. Unit 8 MV72 . Roil Certifications. 

8ranch.Plant:' 1500 .621811 

;hipping Instructions : 
Contact Dan L. 303 841 -2022 24 hrs prior to delivery 

Sales Order 

36824 SO 

- 
No 

i!i 
I 

2 

3 

I 

J 

6 

7 

B 

9 

10 

I 1  

12 

- 

' .. 

RoU # 

104123292 

1041 23293 

1041 23297 

104 1 23298 

104123299 

104123300 

1041 23301 

104123302 

104123303 

104123304 

104123305 

104 1 23306 

QTY 
Shipped 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

126OO 

12600 

12600 

- 
UM' 

SF 
- 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

- 

Kind of Package, Description of Articles, 
Special Marks. and Exceptions 

LLDO60A000 

LLD060A000 

LLD060A000 

LLDO6OA 000 

LLD060A000 

LLD060A000 

LLW60A000 

LLD060A000 

LLD060A000 

LLW60A000 

LLDO60A000 

LLD060A000 

60 mil Avg Ultraflex 
Elk, VF, Smooth, 22.5' 

60  mil Avg Vltreflex 
Elk, VF. Smooth,. 22.5" 

60 mil Avg UltraFlex 
Elk, VF. Smooth. 22.5' 

60  mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60  mil Avg Ultraflex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF. Smooth, 22.5' 

60  mil Avg Ultraflex 
Elk, VF, Smooth, 22.5' 

60  mil Avg Ultraflex 
Blk, VF, Smooth, 22.5' 
60 mil Avg UltreFlex . 

Elk, VF, Smooth, 22.5' 
60  mil Avg Ultraflex 
Elk, VF, Smooth, 22.5' 

rota1 Quantity: 1 5 1 ,200 ' Total Weisht: 44,638.00 

Weight 

3,716.c 

3,670.C 

3,738s 

3,736.C 

3,736.C 

3,736.C 

3,744.c 

3.732.C 

3.730.C 

3,712.C 

3,702.C 

3,686.C 

Project# 

Freight charges are 
prepaid unless marked 
collect. 
Check box if collect. 

5 1 5 1 22 

0 
Customer P.O. #: 

. 30966 

delivered to consignor, 
If this shipment, is to 

conslgnor shall sign the 
following statement. 
Carrier may decline to 
deliver this shipment 
without payment of 
freight and all other lawful 
charges. 

d 

Signature of Conslgna 
~~ ~ 

Local Verification 

Signed: 

Pick Up # 

6365RR 

Seal # 

Truckers P.O. # 

4 Driver Requirements: CARRIER NAME: 
1 I Driver must pre call 24 hrs prior to delivery and on Friday for Monday delivery. 
21 Driver must call (281) 230-6781.when unloaded. 
31 Driver must call and advlse any delay In transit. . 
41 A copy of this BIL must accompany Freight Invoice. DATE: 

GSE 7.5.5-007 ORIGINAL REV02 - Date 06/12/01 



- ...... 

. . . . . . .  - - . . . . . . . . . . . . . . . . . . .  

CoA Date: 09/03/2004 

Certificate of Analysis 

Shipped To: GSE LINING TECHNOLOGY INC HC CPC Delivery #: 8671 1033 
19103 GUNDLE ROAD PO #: 30131 . 
WESTFIELD TX 77090 Weight: 183300 LB 
USA Ship Date: 09/03/2004 

Package: BULK 
Mode: Hopper Car 

Seal No: 429778 

Recipient: DON BOHAC 
Fax: Car # GOCX058 103 

Product: PE 7104 BULK 

Lot Number: CRH810060 

Property Test Method Value Unit 

Melt Index ST- 103 0.34 g/l Omi 
- . .  Density ST-292 0.9 19 g/cm3 - .  . 

8/2/2004 -- - -  ~ _ _ _  - - . - - -  - - * - - - -  - Production Date .-- - -- - 

The data s e t  forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there is no warranty of any kind, either expressed or implied, applicable to its use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Donaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at 713-289-4799 
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Roll Test Data Report 
. Roll No. 1041232 LininP Technolom. Inc. 

, ROLL IDENTIFICATlON. * RESIN INFORMATION 
Roll Number 104123292 Lot Number CRH810060 

Product Name I -LDO~AWo Ope  7104 

Production Dale 9/29/2004 Supplier Chevron Phlllips 

Length =(+I. 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Proaerty Test Method Results width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190/2.I6) 0.34 
1,170 sq. meters 

Weight 3,716 . pounds 
1,686 kilograms 

Test Test Customer Minimum Test Results 
Metirod Frequency English Metric English Metric Physical Property 

midtness, tiit (mm) ASTM D 5199 . 
60 ( 1.5 ) 61 ( 1.6 1 AVemge every mil 

I Minlmum 
. Tensile Properties: ASTM 063E i .T~  IV I D6693 

Break Strength, ppi (Nlcm) - TD 

- MD 

Break Elongation, % - TD 

- MD 

Tear deslstance. Ib. (N) 
-TD 

- MD 

gauge length = 2.0' 

.(51 mm) 

ASTM D 1004 

Puncture Resistance, Ib. (N) 

Density, g/oc 

Carbon Black Content, % 

Carbon Black Dispersion 
Views in cat1 - cat2 

ASTM D 4833 

ASTM D 1505 

every roll . 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

ASTM D 1603' 
every 4th 

ASTM D 5596 
every 4th 

54- ( 1.4 ) 59 ( 1.5 1 

228 

228 

800 

800 

31 6 

31 8 

920 

1015 

33 ( 147 ) 43 ( 190 .) 

33 ( 147 ) 44 ( 197 1 

84 ( 374 ) 120 ( ,534 ) 

0.920 0.929 

2.0 2.5 

9 10 

Order No. 36824 

Customer Nulne Cdorado Lining International 
project Name Rocky Flats Present Closure 

Location Golden, CO 9/29/2004 



Product Name DPe 7104 

Production Date 9/29/2004 Supplier Chevron Phillips 

GSE RESIN TEST DATA 

Property Test Method Results 

560 feet 
171 meters 

Length =(+/-I%) 

width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sqfeet Melt index, g/lO min. ASTM D 1238 (190D.16) 0.34 
1,170 sq. meters 

1,665 kilograms 
Weight 3,670 pounds 

~~~~~~ ~ ~ ~~~ 

Test Test Customer Minimum Test Res& 
Method Frequency English Met& English Metric Physical Property 

1 Thickness, mil (mm) ASTM D 5199 
Average every roll 60 ( 1.5 ) 60 ( 1.5 1 
Minimum every roll 54 ( 1.4 ) 58 ( 1.5 1 

Tensile Properties: ASTM D638.Type IV I D6693 
Break Strength, ppl (Wcm) - TD every 4th 228 31 6 

- MD every 4th 228 31 8 

920 - 800 -_ - - -_ -Break Elongation-% :TD_ __  - gaggeeng? . E 2.0' every 4th 

- MD 

Tear Resistance, ib. (N) - - _  _ _  -TD --  - 

- MD 

Puncture Resistance. Ib. (N) 

Density, g/cc 

Carbon Black Content, % 

Carbon Black Dispersion 
' ViewsinCatl-Cat2 . 

(51 mm) every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

ASTM D 1004 - - -  

ASTM D 4833 

ASTM D 1505 

ASTM 0 1603' 

ASTM D 5596 

800 1015 

- 

- 33 ( 147 ) 43 ( 190 ) 

33 ( 147 ) 44 ( 197 ) 

84 ( 374 ) 120 ( 534 ) 

0.920 0.929 

2.0 2.5 

9 10 



. . .,.. . 

Roll Test Data Report 
Roll No. 104123297 'ninp Technology. Inc. 

R O U  IDENTIFICATION RESIN INFORMATION 
Roll Number 104123297 Lot Number CRH810060 

Product Name UD060Aw O p e  7104 

Production Date 9f2912004 Supplier Chevron Phillips 

1 r n b  
560 feet GSE RESIN TEST DATA 
171 meters 

Length =w- 1%) 

hope* Test Method Results (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D I505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTMD I238 (I90/2.I6) 0.34 

Weight 3,738 pounds 

1,170 sq. meters 

1,696 kilograms 
~ ~ 

Test Test Customer Minimum Test Res& 
Method Frequency English Mebic English Mebic Physical Property 

Thickness, mll (rnm) 
Average 

Mlnlmum 

Tensile Properties: 

ASTM D 5199 

ASTM D638,Type IV I06693 
Break Strength, ppi (Nlcm) - TD 

- MD 
Break Elongation, % - TD gauge length = 2.0' 

- MD (51 mm) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 
- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Denstty, a/= ASTM D 1505 

Carbon Black Content, % ASTM D 1603' 

Carbon Black Dispersion 
. Views in Cat1 - Cat2 

ASfM D 5596 

every 
every roll 

everylth . 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 . (  1 . 5 )  

54 . ( 1.4 ) 

228 

228 

800 

a00 

33 . (  1 4 7 )  

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

27 1 

272 

935 .a '088 

0.929 

2.5 

10 

Order No. 36824 
Customer Name Colorado Lining International 
Project Name Rocky Flats Present Closure 

tocation Golden, CO 9/29/2004 



I .  

- - _____ - - Roll-Text-Diita-Repurt - --- - - __ ---I__ - 

Roll No. 104123298 

RESIN INFORMATION 

-': m Z i i Z i l o m ,  Inc. 

ROLL IDENTIFICATION 
- - - 

- - - ---_ t Nuntber - - _  - 
- _  - - - - - -  =lo41 23298-- - 

a 
_ _  - -__ _______  o-UBum!.er 

Product Name LLW6W000 TVPe 7104 

Production Date 9/29/2004 Supplier C h e m  Phillips 

Lerwth q+/- 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Property Test Method Results width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D I238 (Z90L2.16) 0.34 
1,170 sq. meters 

Weight 3,736 pounds 
1,695 kilograms 

Test Test Customer Minimum Test Res& 
Method Frequertcy English Met& English Melric Physical Property 

Thickness, mil (mm) 
Average 

ASTM D 5199 

Minimum 

Tensile Properties: ASTM D638,Type IV / D6693 
Break Strength, ppi (N/cm) - TD 

- MD 

- Break Elongatio_n, %-TD-- - - gauge . length - = 2.0' 

* -  MD (51 mrn) 

Tear Resistance, Ib. (N) ASTM D 1004 
.- - .  --TD - - -  ~ _ _ -  

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, g/cc 

Carbon Black Content, % 

cartxm Mack Disperiion 
Views In Cat1 - Cat2 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every 4th 228 

every 4th 228 

800 every 4th 

every 4th 800 
- -  _ _ ~  - - _ _ _ -  

every 4th 3 3 (  

every 4th 3 3 (  

every 4th M (  

every 4th 0.920 

every 4th 2.0 

every 4th 9 

1.5 ) 

1.4 ) 

-147 ) 

147 ) 

374 1 

62 ( 1.6 1 
60 ( 1.5 

274 

28 1 

91 1 

879 

41 ( 183 1 
43 ( 189 1 

127 ( 564 ) 

0.929 

2.5 

10 



. . ~ . . .  . , , , _  -.  ... . . .  

Roll Test Data Report I m & i n i n p  Technolow. Inc, Roll No. 104123299 

ROLL IDENTIFIC4TION RESIN IlyFORMATION 

Roll Number 104123299 Lot Number CRH8 IO060 

Product Name TYPe 7104 

Production Date 9/30/2oO4 Supplier Chevron Phillips 

GSE RESIN TEST DATA 

Propem Test Method Results 

560 feet 
171 meters 

Length =(+I- 1%) 

WLith (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D I505 0.919 

Sheet Area 12,600 sqfeet .' Melt index, g/IO min. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3.736 pounds 
1,695 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Metric English Metric Physical Property 

Thickness, mil (mm) ASTM D 5199 
Average every rdl 60 ( 1.5 ) 62 ( 1.6 1 
Minimum every rdl 54 ( 1.4 ) 61 ( 1.5 1 

Tensile Properties: ASTM D638,Type IV ID6693 
Break Strength, ppi (Wan) - TD every 4th 228 274 

- MD every 4th 228 281 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 91 1 

- MD 

Tear Resistance. Ib. (N) 
-TD 

- MD 

Puncture Resistance, Ib. (N) 

Density, s/oc 

Carbon Black Content. % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

(51 rnrn) every 4th 

ASTM D 1004 

800 a 879 

every 4th 33 ( 147 ) 41 ( 183 

every 4th 33 ( 147 ) 43 ( 189 

ASTM D 4833 
every 4th 84 ( 374 127 ( 564 

ASTM D 1505 
every 4th 0.920 0.929 

ASTM D 1603' 
every 4th 2.0 2.5 

ASTM D 5596 
every 4th 9 10 



. . . . . . . . . . . .  . .. . ............ ~ . ,  . . .  . .  

I 

- __- - - -_ -_ - 

Roll No. 104123300 
ROLL IDENTIFICATION RESIN INFORMATION 

Production Date 9/30/2004 Supplier Chevron Phillips 

k h g t h  =(+I. 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Results Width (Nominal) 22.5 feet ProDertv Test Method - 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/lO min ASTM D 1238 (190D.16) 0.34 
1,170 sq. meters 

Weight 3,736 pounds 
1,695 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Metric English Metric Physical Propem 

Thickness, mil (mm) 
Average 

ASTM D 5199 
. everyroll 60 ( 1.5 ) 62 ( 1.6 1 

54 ( 1.4 ) 60 ( 1.5 1 every roll Minlmum 

Tensile Properties: ASTM D638,Type IV I 06693 
Break Strength, ppi (Man) - TD every 4th 228 

- MD every 4th 228 

274 

28 1 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 91 1 

879 - - --_ - - - ~ 
_ _  - _ _  - MD (51 mm) every 4th 800--- 

Tear Resistance, Ib. (N) ASTM D 1004 
- .  -TD - .  ..every4th_ . 33 ( 147 ) 41 ( 183 1 

- ( 189 ) 

a -  
- - _  

- MD every 4th 33 ( 147 ) 43 

Puncture Resistance, Ib. (N) 

Carbon Black Content. % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 4833 
every 4th 84 ( 374 ) 127 ( 564 ) 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every 4th 

every 4th 

every 4th 

0.920 

2.0 

9 

0.929 

2.5 

10 



. . .  . . .  . .  . .  , .  . .  . .... ....... ~ . .  

Roll Test Data Report 
Linina Technology. Inc, RoU No. 104123301 

ROLL IDENTIFICATION , RESIN INFORMATION 

Roll Number 104WUO1 Lot Number CRH810060 

Product Name ~ A O O O  TYPe 71 04 

Production Date 9/30/2004 Supplier Chevron Phillips 

Length qd- 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

widtl (Nominal) 22.5 feet 
6.9 meters 

Prooertv . 

Density, g/cc 
Test Method Results 
ASTM D I505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190B.16) 0.34 
1.170 sq. meters 

Weight ' 3,744 pounds 
1.698 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Met& English Metric Physical Propem ' 

Thlckness, mil (mm) 
Average 

Minimum 

ASTM D 5199 

Tensile Properties: ASTM D638,Type IV 1 D6693 
Break Strength. ppi (Wcm) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 

- MD (51 rnm) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 
- MD 

Puncture Resistance, lb. (N) ASTM D 4833 

Density, a/cc ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th. 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 . ( 1.4 ) 

228 

228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

04 ( 374 ) 

0.920 

2.0 

9 

(, 1.6 . ) 62 ( 1.5 1 
60 

272 

280 

928 

123 ( 549 ) 

0.929 

2.4 

10 

9/30/2004 

Order No. 36824 
Cmbmer  Narnc Cdorado Uning International 
Project Name Rocky Flats Present Closure 
Location Golden, CO 

- -  .)I InAi<ic.r( 



- -  - - -___  
- - -- ~ 

-- --Roll Test-Datu Report - _  --- -- ___ _ _  

' - k= -mzp Technology, Inc. Roll No. 104123302 

ROLL IDENTIFICATION RESIN INFORMATION 

_ _  .~ 
_ _  z Lot Number = - _-CRH810060- 

- - - - - - - __ - - - 

a 
- 7104- p- - Product Name UD060AWO Type 

Production Date 9/30/2004 Supplier Chevron Phillips 

Lertgth =(+I. 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Prouertr Test Method Results width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D IS05 0.919 

Sheet Area 12,600 sq. feet Melt index, g/lO nun. ASTM D I238 (19012.16) 0.34 
1,170 sq. meters, 

Weight 3,732 pounds 
1,693 kilograms 

Test Test Customer Minimum Test Resukh 
Method Frequency English Mebic English Metric Physical Property 

Thkkmss. mil (mm) ASTM D 5199 
Average every roll 60 ( 1.5 ) 62 ( 1-6 1 

Minimum every roll 54 ( 1.4 ) 60 ( 1.5 1 
Tensile Properties: ASTM D638,Type IV ID6693 

Break Strength. ppi (Wan) - TD every 4th 228 272 

- MD every 4th 228 280 

gauge length = 2.0' every 4th 800 . 928 

913 
- - _ _  -- _ _  - -  - BreakElongation, % - TD --- -_  _ _  - - -___ _. 

-MD (51 mm) every 4th 800 

-TD - - - -  _ _  - every4th 33 ( 147 ) 42 ( 186 1 

- MD every 4th 33 ( 147 ) 42 ( 188 1 

Tear Resistance, Ib. (N) ASTM D 1004 
-- - - . 

-0 
- -  

Puncture Resistance, Ib. (N) 

Density, g/oc 

C a M  Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 4833 I .  

every 4th 84 ( 374 1 123 ( 549 ) 

ASTM D 1505 
every 4th 0.920 

ASTM D 1603' 
every 4th 2.0 

every 4th 9 
ASTM D 5596 

0.929 

2.4 

10 



Roll Test Data Report 
'ninp Technolow. Inc. Roll No. 104123303 

RESIN 1NFORMATlON 

Roll Number 1041 23303 Lot Number CRH810060 

Product Name L L D W M ~  DPe 7104 

Production Date 9/30/2004 Supplier Chevron Phillips 

; W b  
ROLL 1DENTlFlCATION 

560 feet GSE RESIN TEST DATA 
171 meters 

b w t h  =(+/- 1%) 

width (Nominal) 22.5 feet Prouerty . TestMethod Results 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq.feet Melt index, g/IO min. ASTM D 1238 (190/2.16) 0.34 
1.170 sq. meters 

Weight 3.730 pounds 
1,692 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency Enghh Metric E n g k h  Metric Physical Property 

Thickness. mil (mm) 
Average 

Minimum 

ASTM D 51 09 

Tensile Properties: A S N  -.Type IV / 06693 
Break Strength, ppi (Nan) - TD 

- MD 
Break Elongation, % - TD gauge length = 2.0' 

- MD (51 rnm) 

Tear Resistance, ib. (N) ASTM D 1004 
- TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Carbon Black Content. % 

C a M  Black Dispersion 
Viewsin Cat1 - Cat2 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every dl 

every rdl 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 I ( 1.4 ) 

228 

228 

800 

%oo 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

61 ( 1.6 1 
59 ( 1.5 1 

I 

I , 

272 

280 

928 

913 

I 
I 

a 
42 ( 186 1 
42 ( 188 1 

123 ( 549 ) 

0.929 

2.4 

10 



- - - -  - - __ - - - . -  

k i n a  Technolom lnc. Roll No. 104123304 

Lertgth =(+A 1%) 560 feet 

Width (Nominal) 22.5 feet 

Sheet Area 12,600 sq. feet 

171 meters 

6.9 meters 

1,170 sq. meters 

Weight 3,712 pounds 
1,664 kilograms 

GSE RESIN TEST DATA 

Prover@ Test Method Results 
Density, glcc ASTM D 1505 0.919 

Melt index, g/IO min. ASTM D I238 (190/2.16) 0.34 

- 

Test Test Customer Minimuni Test Res& 
Method Frequency English Metric English Metric Physical Property 

Thickness. mil (mm) 
Average 

ASTM D 5189 

Minimum 

Break Strength, ppi (Wcm) - TD 
Tensile Properties: ASTM D638,Type IV I D6693 

- MD 

Break Elongation, % - TD gauge length = 2.0' 
- _  - -_. - - - ___ - - - MD 

Tear Resistance, Ib. (N) 

. _ _  - 
. (51m-6) 

ASTM D 1004 
- - - .  - - _ _  _ _  - - _  - T D  

- MD 
- 

Puncture Resistance, lb. (N) ASTM D 4833 

Density, g/cc ASTM D 1505 

Carbon Black Content, % ASTM D 1603' 

Carbon Black Dispersion ASTM D 5596 
I Views in Cat1 - Cat2 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 , ( 1.5 1 
54 . ( 1.4 ) 

228 

228 

800 

800- 

33 ( -  147 ) 

33 ( 147 ) 

84 ' ( 374 ) 

0.920 

.2.0 

9 

62 ( 1.6 1 
59 ( 1.5 

258 

31 8 

951 

1003 

43 ( 193 

44 ( 196 

114 ( 508 ) 

0.929 

2.5 

10 



Roll No. I041 23305 
Roll Test Data Report 

RESIN Ih'FORA4A TION 
Roll Number 104l23305 Lot Number CRH810060 

Product Name ~ A 0 0 0  TYpe 7104 

Production Date 9/304004 Supplier Chevron Phillips 

Lertgth =+I- 1%) 560 feet GSE RESIN TEST DATA 

I r n D  
ROLL IDENTIFICATION 

171 meters 

width (Nominal) 22.5 feet 
6.9 meters 

Propem 
Density, g/cc 

Test Method - Results. 
ASTM D 1505 0.919 

Sheet Area 12.600 sq. feet Melt index, g/IO min. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3,702 pounds 
1,679 kilograms 

-. 
Physical Propeq  Test 

Method 
Test Customer Minimum Test Results 

Freauencv Enalisli . Metric English Metric 
Thickness, mil (mm) 

Average 

Minimum 

ASTM 0 5199 

every roll 60 ( 1.5 ) 62 ( 1.6 1 
every roll 54 . ( 1.4 ) 59 ( 1.5. ) 

Tensile Properties: ASTM D638,Type IV ID6693 
Break Strength, ppi (N/cm) - TD every 4th 228 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 

- MD every 4th 228 

- MD 

Tear Reslstance. Ib. (N) 
-TD 

(51 mm) every 4th 800 

ASTM D 1004 
every 4th 33 ( 147 ) 

258 

318 

95 1 

- MD every 4th 33 ( 147 ) 44 . ( 196 ) 

Puncture Resistance, Ib. (N) ASTM D 4833 
every 4th 84 ( 374. ) 114 ( 508 ) 

Carbon Black Content, % 

C a b n  Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 1505 
every 4th 0.920 . 

ASTM D 1603' 
every 4th 2.0 

every 4th 9 
ASTMD5596 , 

0.929 

2.5 

10 

9/30/2004 

n n  

Order No. 36824 
Customer Natne Colorado Lining international 
Project Name Roc@ Flats Present Closure 
Localion Golden, CO 

*Mnriifi& 



Production Date 9/30/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length =(+I- 1%) 

W i t h  (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feel Melt index, g/lO min. ASTM D 1238 (190/2.16) 0.34 

ProDerh, Test Method Results 

1.170 sq. meters 

Weight 3,686 pounds 
1,672 kilograms 

Thickness, mil (mm) 
Average 

Minimum 

Break Strength. ppi (Wcm) - TD 
Tensile Properties: 

- MD 

Break Ebngatiy, %*-- 

- MD 

Tear Resistance, Ib. (N) 
-TD . -  

- MD 

- _. 

Puncture Resistance, Ib. (N) 

ASTM D 5199 
every roll 60 ( 13 ) 

every roll 54 . . ( 1.4 . )  . .  
ASTM D638,Type IV I 06693 

every 4th 228 

every 4th 228 

every 4th 4300 

every 4th -.-a00 - 
--- - _  

258 

31 8 

951 

1003 
gauge length = 2.0' 

(51 mm) 
- - - . - - - __ - . 

ASTM D 1004 
- -, 

._ . 

43 ( 193 1 
44. ( 196 ) 

every4th -33 ( - 147 ) 

every 4th 33 ' ( 147 ) 

ASTM D 4833 
every 4th 84 ( 374 1 114 ( 508 

Density, g/cc ASTM D 1505 

ASTMD 1603' 

ASTM D 5596 

0.929 every 4th 0.920 

Cabon Black Content, % 
2.5 every 4th 2.0 

Carbon Black Dispersion 
Views in Cat1 - Cat2 every 4th 9 10 

1 - -  



Date: 09130104 
' 

UM 
Kind o f  Package. Description of.Articles, 

Special Marks. and Exceptions 

I 

Shipping Order - Packing List - Original - Not Negotiable 
GSE Lining Technology. Inc. at HOUSTON,TEXAS Shippers No. 44879 

a 8 -  

1 4 -  

+ad M Hamoh T a w  from GSE LWng Tschnology, Inc. (he popany dexrlbed below. h sppam good order,.axcept as noted IwrrISmr ard condnlon ol packqes unknown). mmked. c 
destined ns kdiCaed bdo*r. Which mid Carrkr agrees to carry to mS place of delivery a sald dastlnation It IS mutually agreed as to each C a b  04 all u my mid p r o m .  over a(l or my 

uld route to danlnatlon. and to eech party a any tlms Interested In all w my ol mid prooerty, thn wary wfvlca performed hereunder du* be rubjed to the rates and COntrsCt epreed to h 
wrltlng by GSE unho T E C ~ ~ W V  snd Cornu. GSE Wng Technology'r obligation to pay hegM Chrw fa the shiprnent IS conditioned on (11 the axistance of a separate written m r a c ~  wlth the 
cwrkv tramponkg the fr&M and 121 the canler'r nam awesring on INS Bill 01 Ladlng, and other carrltns must look soUy to a party other than GSE Unlng technology. Inc for payment 

Ship To: Colorado LininglRocky Flats Present 
10808 Hwy  93, Unit B MV72 
Golden CO 80403 

~ o i i  Certifications 
I ncl u ded 

Branch Plant: 1500 .621811 I 
Shipping Instructions : 

Contact Dan L. 303  841 -2022 24  hrs prior to delivery Sales Order 

3.6824 SO '.. . . ._ 

I No. 
Line 

1 
- 

2 

3 

4 

QTY 
Shipped 

' 12600 

12600 

12600 

12600 

12600 

12600 

12600 

Weight 

3.81 2.C 

3,806.C 

3,710.C 

3,690.C 

3,710.C 

3,674.C 

3,668.C 

Roll t 
101 110562 

101 110570 

101 110574 

101 1 1 0575 

101 110576 

IO41 23307 

104123308 

6 0  mil Avg UltraFlex 
Blk, VF, Smooth, 22.5' 

6 0  mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

6 0  mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

6 0  mil Avg UltraFlex 
Blk,'VF, Smooth. 22.5' 

6 0  mil Avg UltraFlex 
Blk. VF. Smooth, 22.5' 

6 0  mil Avg UltraFlex 
Elk. VF, Smooth, 22.5' 

6 0  mil Avg UltraFlex 
Elk. VF, Smooth. 22.5' 

SF 

SF 

SF 

SF 

SF 

SF 

LL W 6 0 A  000 

LLDO6OA 000 
prepaid unless marked 
collect. 
Check box i f  collect. 

0 LLD060A000 

LLD060A000 
Customer. P.O. #: - If this shipment is to be 

delivered to consignor, 
consignor shall sign the 
following statement. 
Carrier may decline to 
deliver this shipment 
without payment of 
freight and all other lawful 
charges. 

LLD060A000 

LLD060A000 6 

7 

- 

SF LLDO6OAOOO I 

Signature of Consignor 

Local .Verif ication 

Signed: 

Pick Up # 

6366RA 

Seal # 

Truckers P.O. # 

88,200 4 Total Weight: 26,070.00 Total Quantity: 

Driver Requirements: CARRIER NAME: 
1 I Driver must pre call 24 hrs prior t o  delivery and on Friday for Monday delivery. 
2) Driver must call (281) 230-6781 when unloaded. 
3) Driver must call and advise any delay in transit. 
4 )  A copy of this BIL must accompany Freight Invoice. 

CARRIER SIGNATURE: 

DATE: 



9/3/2004 4 : 0 2  PM PAGE 1/001 Fax Server 
- - - __ - _ -  ~ 

-- - -- - 
-__ 

Chevron Phillips 
- --\-- - 

'\ 

I :  

Certificate of Analysis 

i 
f '.. 

CoA Date: 09x)3/2ood 

Shipped To: GSE L I N I N G  TECHNOLOGY INC HC 
19103 GUNDLE ROAD 
WESTFIELD TX 77090 
USA 

Recipient: DON BOHAC ' 

Fax: 

Product: PE 7104 BULK 

CPC Delivery #: 8671 1033 
PO #: 30131 
Weight: 183300 LB 
Ship Date: 09/03/2004 
Package: BULK 
Mode: Hopper Car 
Car # GOCX058 103 
Seal No: 429778 

Lot Number: CRH8 10060 

Property - 

Melt Index ST- 103 0.34 g/ l  Omi 
Density ST-292 - *  0.919 glcm3 
Production Date 8/2/2004 

- -Test Method-- - - - - - - Value - ~ -. _Unit 
- -  

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there i s  no warranty of any kind, either expressed or implied, applicable to its use, and the user 
aswmes all risk and liability in connection therewith. 

Kay F. Donaldgon 
Quality Control' Supervisor 

For CoA questions contact Peter Scheirman at 713-289-4799.' 

. .  
. . 

- . 
- -  



chevron Phillips 6/24/2004 4:07 PM PAGE 1/001 Fax Server 

Certificate of Analysis 

a CoA Date: 06/24/2004 

. . .  . 

Shipped To: 'GSE L I N I N G  TECHNOLOGY INC HC 
19103  GUNDLG ROAD 
WESTFIELD T X  77090 
USA -- 

Recipient: DON BOHAC 
F a x  28 1-230-8630 

CPC Delivery #: 86657240 
PO #: 30131 
Weight: 186850 LB 
Ship Date: 06/24/2004 
Package: BULK 
Mode: Hopper Car 
Car #: CHVX891155 
Seal No:. 428053 

Product: PE 7104 BULK 

Lot Number: 'CRE8 10070 
~ 

Property Test Method Value Unit 

Melt Index ST- 103 0.36 g/1 Omi 
Density ST-292 0.919 glcm3 
Production Date 5/2/2004 

The data se t  forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there i s  n o  warranty of any kind, either expressed or implied, applicable to its use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Donaldson 
Quality Control Supervisor 

For CoA questions contact Carol Meza at 713-475-3625 

Pnna 1 nf 1 



- _  -% - _  

Roll No. 101110562 

ROLL IDENTIFICATION RESIN INFORMATION 
_CRE810070 

__ -_ 

- __ __ -_  __ 
__ - -  Lot Number 

- --- - - _  

- 
Roll Number-- l o !  - 

Product Name LUu160A000 OPT 

0:- 
- 

Chevron Phillips Production Date 7/14/2004 Supplier 

Length =(+I- 1%) 560 feet GSE RESIN TEST DATA 

width (Nominal) 22.5 feet ProDerQ Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D I505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/lO milt. ASTM D 1238 (190/2.16) 0.36 
1,170 sq meters 

Weight 3,812 pounds 
1,729 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Metric English Metric Physical Property 

Thickness, mil (mm) 
Average 

Minimum 

ASTM D 5199 

Tensile Properties: ASTM D638,Type IV I D6693 
Break Strength, ppi (Nkm) - TD 

- MD 

Break Elongation,Yo - TD- __ _gauge length = 2.0' 

- MD (51 mm) 
- -_ 

-Tear Rgsistance. Ib. (N) ASTM D 1004 
- - _ _  - _ .  - TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

every roll 60 ( 1.5 ) 

every roll 54 ( 1.4 ) 

every 4th 228 

every 4th 228 

every 4th 800 

every 4th 800 - --- 
- - - -  . - - 

_. 

every 4th 33 ( 147 ) 

every 4th 33 ( 147 ) 

every 4th 84 ( 374 ) 

Density, glcc ASTM D 1505 

Carbon Black Content. Yo ASTM D 1603' 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

every 4th 0.920 

every 4th 2.0 

ASTM D 5596 
every 4th 9 

324 

331 

963 

1079 - 

113 ( 502 ) 

0.928 

2.7 

10 

- - -  -- - - - ,. . 



i -. . 
Roll Test Data Report 

Linino Technolow. Inc. Roll No. 101110.5 

- RESIN INFORMATION 

Roll Number 101110570 Lot Number CRE810070 

: : m  
ROLL IDENTIFICATION 

7104 Product Nwne Uf)O60A00Q DPe 
Production Date 7/15/2004 Supplier Chevron Phillips 

q+/. 1%) 560 feet GSE RESIN TEST DATA 

Test Method 
171 meters 

Results Prone* width (Nominal) 22.5 feet 

Sheet Area 12.600 sq. feet Melt index, g/10 min. ASTM D 1238 (190/2.16) 0.36 

Weight 3.806 pounds 

6.9 meters Derrsity, g/cc ASTM D 1505 0.919 

1,170 sq. meters 

1,726 kilograms 

Test Results Test Test Customer Minimuni 
Method Frequency English Mebic Englislt Mebic Physical Property 

Thickness, mil (mm) ASTM D 5199 
i 

Average every roll 60 ( 1.5 ) 62 ( 1.6 1 
Minimum every roll 54 ( 1.4 ) 57 ( 1.5 

Break Strength, ppi (N/cm) - TD every 4th 228 329 

- MD every 4th 228 327 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 986 

Tensile Properties: ASTM D638,Type IV f D6693 

Tear Resistance. Ib. (N) 

Puncture Resistance, Ib. 

Density, g/cc 

- MD 

- TO 

- MD 

(N) 

(51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

every 4th 800 1095 , 

every 4th 33 ( 147 ) 37 ( 165 1 
every 4th 33 ( 147 ) 39 ( 174 1 

every 4th 84 ( 374 ) 113 ( 501 ) 

every 4th 0.920 0.929 

ASTM D 1603' 
every 4th 

every 4th 
ASTMD5596 . 

2.0 

9 

2.8 

10 

Order No. 36824 
Customer Name Colorado Lining International 
Project Nanle Rocky Flats Present Closure 
Location Golden, CO 711 ~ 2 0 0 4  ... .. * 

- 



- _  - _  -- - - -  - __ ---_. __ 
---__ - - 

- --- Roll T e d  Dah  Report 
Linina Technolopv. Inc. Roll No. 101110574 

. RESIN INFORMATION 

* -  @!ail 
__ ROLL IDENTIFICATION 

__ - 
- -  - 

e-- - 
Product Name LLD06OA000 Type 7104 

Production Dale 7mf2004 Supplier Chevron Phillips 

Lerfgth q+/. 1%) 560 feet GSE RESIN TEST DATA 

Prove@ Test Method width (Nominal) 22.5 feet 

171 meters 
Results 

6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/10 min. ASTM D 1238 (190/2.16) 0.36 
1,170 sq. meters 

Weight 3,710 pounds 
1,683 kilograms 

Test Test Customer Mininiuni Test Results 
Method Frequency English Mebic English Mebic Physical Properiy 

Thickness, mil (mm) 
Average 

Minimum 

ASTM D 5199 

Tensile Properties: ASTM D638,Type IV ID6693 
Break Strength, ppi (Nlcm) - TD 

- MD 
-_- - _ .  

B?ieak-Elongation, Oh =TD- -- - gauge length = 2.0' __ 

- MD (51 mm) 

ASTM D 1004 - -  - - Tear Resistance, Ib. (N) - . 
- TO 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Density. g/cc ASTM D 1505 

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cap 

ASTM D 1603' 

ASTM D 5596 

every roll 

every rdl 

every 4th 

every 4th 

eveIy_41h 
every 4th 

-every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 
. 

800 

3 3 .  ( --147 - )  

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

318 

332 

962 

1094 

112 ( 498 1 

0.930 

2.6 

10 



Roll Test Data Report 
'nina Technoloav. Inc. 

ROLL IDENTIFICATION 

Roll No. IO11 I0575 
. RESIN INFORMATION 

Roll Number 101110575 Lot Nunrber CREBlOO70 

:* pailD 
7104 
. . .  

Production Date 711 a2004 Supplier Chevron Phillips 

Length q+/- I%) 560 feet GSE RESIN TEST DATA 

Wdth  (Nominal) 22.5 feet 

171 meters 
Pronertv Test Method ResulLs 

6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12.600 sq. feet Melt index, g/IO min. ASTM D 1238 .(190/2.16) 0.36 
1.170 sq. meters 

Weight 3,690 pounds 
1,674 kilograms 

~~~ 

Test Test Customer Mininium Test Results 
Method Frequency English Metric English Metric Physical Property 

Thickness. mil (mm) ASTM D 5199 

Average every roll 60 ( 1.5 ) 61 ( 1.5 1 
( 1.4 57 every roll 1 54 ( 1.4 ) Minimum 

Tensile Properties: ASTM D638,Type IV I 06693 
Break Strength, ppi (Wcm) - TD every 4th 228 

- MD every 4th 228 

Break Elongation, Yo - TD gauge length = 2.0' every 4th 800 

- MD (51 mrn) every 4th 800 

Tear Resistance, Ib. (N) ASTM D 1004 
- TD 

- MD 

Puncture Resistance, Ib. (N), 

Density, glcc 

Carbon Black Content, Yo 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

31 8 

332 

962 

every 4th 33 ( 147 ) 39 ( 175 

every 4th 33 ( 147 ) 39 ( 174 1 

112 ( 498 ) 
ASTM D 4833 

every 4th 84 ( 374 ) 

ASTM D 1505 ' 

every 4th 0.920 

ASTM 0 1603' 
every 4th 2.0 

every 4th 9 
ASTM D 5596 

0.930 

2.6 

10 

Order No. 36824 

Customer Narnc Colorado Lining International 
Project Nanle Rocky Flats Present Closure 

Lucczrion Golden, CO 711 612004 
.&8-4:1:-4 



-- _ _  - 
- - -- -- Roll-Test Dala Report -_ -- _ _ _  

- - _ _ _  _ _  

Linin Technologv. Inc. Roll No. 101110576 

ROLL IDENTIFICATION RESIN INFORMATION 

- --:.m=, 
- __ - __ -7104--- Product Name UW6CMOO Type - 

Producfion Date 7/16/2004 Supplier Chevron Phillips 

bf lg th  s(+/- 1%) 560 feet GSE RESIN TEST DATA 

width (Nominal) 22.5 feet 

Sheet Area 12,600 sq. feet Melt index, g/ZO nun. ASTM D 1238 (19012.16) 0.36 

171 meters 
Prover& Test Method Resulls 

6.9 meters Density, g/cc ASTM D 1505 0.919 

1,170 sq meters 

Weight 3,710 pounds 
1.683 kilograms 

Test Test Customer Miiiintuni Test Results 
Method Frequency English Metric English Metric . Physical Property 

Thickness, mil (mm) 
Average 

Minimum 

ASTM 0 51 99 

Tensile Properties: ASTM D638,Type IV I06693 
Break Strength, ppi (N/cm) - TD 

- MD 

Break Elongation. % --TO gauge leng@-= 2.0' _ _  - - --_ - - ~ 

- MD (51 mm) 

- a -__  Tear Resistance, Ib. (N) ASTM D 1004 - -  - TD 

- MD 

- 

Puncture Resistance, Ib. (N) 

Density, glcc 

Carbon Black Content. % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every mil 60 

every mll 54 

every 4th 

every 4th 

every 4th 

every 4th 
-- - 

every4th - - 33 

every 4th 33 

every 4th a4 

every 4th 

every 4th 

every 4th 

( 

( 

228 

228 

800 

.Boo- 
- -_ 

( 

( 

( 

0.920 

2.0 

9 

1.5 ) 

1.4 ) 

- - - _ _  

147 . I  
147 ) 

374 ) 

31 8 

332 

962 

- -1094 

39 ( 175 ) ~ 

39 ( 174 1 

112 ( 498 ) 

0.930 

2.6 

10 



! 

Roll Test Data Report 
B Linina Technolonv. Inc. 

; '. 
Roll No. I04123307 

ROLL IDENTIFICATION . RESIN INFORMATION 

Roll Number 104123307 Lot Number CRH810060 

Product Name Uw60A000 Type 7104 

Production Date 9/30/2004 S l l D D h ? r  Chevron Phillips 
~ ~ ~ 

Length q 4 f -  1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Propem Test Method Results width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.919 

. Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D I238 (190/2.16) 0.34 
1.170 sq. meters 

' 1,667 kilograms 
Weight 3,674 pounds 

Test Test Customer Minintunr Test Results 
Method Frequency English Mi?bic English Mettic Physical Property 

Thickness. mil (mm) ASTM D 5199 
i Average 

Minimum 

Tensile Properties: ASTM D638.T-e IV I 06693 
Break Strength, ppi (N/cm) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 

- MD (51 mm) 

Tear Resistance, Ib. (N) ASTM D 1004 
- TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, g/cc ASTM D 1505 

Carbon Black Content, % ASTM D 1603' . .. 

Carbon Bladr Dispersion ASTM D 5596 
Views in Cat1 - Cat2 

every rdl 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ' ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

286 

306 

93 1 

121 ( 539 

0.928 

2.5 

10 

n 9/30/2004 

Order No. 36024 
Custolner Name Colorado Lining International 
Project Nmle Rocky Flats Present CbSure 
Location Golden, CO 
. L l n 4 4 , o r (  



! 
- 

--- _ _  -_ 
Roll Test Data Keport - - __ 

)%inn Technoloav. Inc. Roll No. 104123308 

_ _  - - -  - - _ _ _ _  
Product Name LLW60A000 TYpe 71 04 

Production Date 9/30~2004 Supplier Chevron Phillips 

Length 2q4- 1%) 560 feet GSE RESIN TEST DATA 

Width (Nominal) 22.5 feet 

171 meters 
Proper& Test Method Results 

6.9 meters Density, g/cc ASTM D I505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D I238 (190/2.16) 0.34 
1,170 sq. meters 

1,664 kilograms 
Weight 3,668 pounds 

Test Test Customer Mininiuni Test Res& 
Method Frequency English Metric English Metric Physical Property 

Thickness, mil (mm) 
Average 

Minimum 

ASTM D 5199 i 

Tensile Properties: ASTM D638,Type IV I D6693 
Break Strength, ppi (N/cm) - TD 

- MD 
- - - -  - - 

Break ElongatioT, %-TD- - - - - gauge length = 2.V- 

- MD 

Tear Resistance, Ib. (N) _ _  
- TD 

- MD 

Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon Black Content, % , 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

(51 mm) 

- .  ASTM D 1004 - _  

ASTM D 4833 

ASTM D 1505 

ASTM D 1603’ 

ASTM D 5596 

every roll 60 ( 1.5 ) 61 ( 1.5 1 
every roil 54 ( 1.4 ) 58 ( 1.5 1 

every 4th 228 286 

every 4th 228 306 

800 931 

every 4th 800 903 
- 

every41h- - ~ 

every 4th - 33 - ( 147 ) 42 ( 189 1 
every 4th 33 ( 147 ) 46 ( 205 1 

every 4th 84 ( 374 ) 121 ( 539 ) 

every 4th 0.920 0.928 

every 4th 2.0 2.5 

every 4th 9 10 



Shipping Order - Packing List - Original - Not Negotiable 
GSE Lining Technology. Inc. at HOUSTON,TEXAS Shippers No. 44779 

Branch Plant: 1500 .621811 

Wcdvd al Houston, Tsxsr from GSE Udg Techndw. Inc. the property described below. In gpstem good order. except as noted lcontanr end cardltlon of packages unknownl, msrked, cons 
' dsntned m lndieaed Wow. which sdd C e n l ~  agrees to carry to the daw of dellvm n .dd dtninfikn. It h rnutuslly ngreed as to each Carrier of all or m y  said property, over an or any 
dd r m e  to deskdon.  and u to each psnr a any Mne interested in all or MY of said p r m ,  IM wary w k e  performed hereunder shsll tm subject to the raa and c ~ m r a a  agreed to in 

.ltIw by GSE UJnP Tschnolcgy end Carler .  GSE UlJnD Technology's cbligatlon to pay frelgh~ char* for the shlpment I?, carditioned on Il l  the existence of I separate wrlnen contract wlth the 
.d. 

onbr W w p o n t n O  tha f r h h t  and 121 the wrler'r m sppeamg on thk Bill of Ladig, d othu cardma must look d e l y  to a pany other than GSE Unlng techndogy, IK. fa payment. 

. Weight 

3,644.0 

3'676.0 

3,672.0 

Ship To: Colorado LininglRocky Flats Present 
10808 Hwy 93, Unit 8 MV72 
Golden CO 80403 Roll Certifications 

Project# 515122 

Freight charges are 
prepaid unless markec 

Z Z i o x  i f  collect. 

0 

Date: 09130/04 

' 

3.700.0 

3*740*0 

3,660.0 

3,700.0 

' 

3.694-0 

3.720.0 

Included 

Customer P.O. #: 

30966 

' I f  this shipment is to b A  
delivered to consignor, 
consignor shall sign the 
following statement. 
Carrier may decline to 
deliver-this shipment 
without payment of 
freight and all other lawfu 
charges. 

3.706-0 

3.722.0 

Shipping Instructions : 

Local Verification 

Signed: 

X 

Contact Dan L. 303 841-2022 24 hrs prior to delivery 

- 
No. 
Ltm 

1 
- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

- 

-.. 

Roll # 

1041 23233 

1041 23234 

104123235 

1041 23240 

104123243 

1041 23247 

1041 2325 1 

1041 23252 

1041 23287 

1041 23288 

1041 23289 

1041 23290 

QTY 
Shipped 

,12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

12600 

rota1 Quantity: 1 5 1 ,200 

- 

UM - 
SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLDO6OAOOO 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

60 mil Avg UltraFlex 
Elk, VF. Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF. Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg Ultraflex 
Blk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex . 

Blk, VF, Smooth, 22.5' 
60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF. Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth. 22.5' 

60 mil Avg UltraFlex 
Blk, VF. Smooth. 22.5' 

60 mil Avg UltraFlex 
Blk, VF, Smooth, 22.5' 

Kind of Package, Description of Articles. 
Special Marks. and Exceptions 

Sales Order 

36824 SO 

3,716.0 Signature of Consignor I 

Pick Up # 

6364RR 

Seal # 

Truckers P.O. # 

Total Weight: 44,350.00 I 

Driver Requirements: CARRIER NAME: 
1) Driver must pre call 24 hrs prior to delivery and on Friday for Monday delivery. 
2) Driver must call (281) 230-6781 when unloaded.. 
3) Driver must call and advise any delay in transit. 
4) A copy of this BIL must accompany Freight Invoice. 

CARRIER SIGNATURE: 

DATE: 

c c c  -t c c nn-v ORIGINAL ,.'-..-e -_._ n C * . ? l l l .  



. .? 
.e 

CPC Delivery #: 8671 1033 
PO #: 30131 

Shipped To: GSE L I N I N G  TECHIIUOLGGY INC HC 
19103 GUNDLE ROAD 
WESTFIELD T X  77090  Weight: 183300 LB 
USA Ship Date: 09/03/2004 

Recipient: DON BOHAC Mode: Hopper Car 
Fax: Car #: GOCX058 103 

Package: BULK 

Seal 'No: 429778 

Product: PE .7 104 BULK 

Lot Number: CRH810060 

- - Test Method - Value Unit 
--__ 

- -__ -Property 

Melt Index ST- 103 0.34 g11 Omi 
ST-292 0.919 g/cm3 Density 

Production Date - 8/2/2004 ~- - -  - 

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there is  no warranty of any kmd, either expressed or implied, applicable t o  its use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Oonaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at 7 13-289-4799 

. .. - . d)-- 



Chevron Phillips 9/1/2004 1:33 PM PAGE 1/001 Fax Server 

. t  
I 

e CoA Date: OSIQ112Oo4 

Certificate of Analysis 

I 
Shipped To: GSE LINING TECHNOLOGY INC HC CPC Delivery 8: 86708432 

19103 GUNDLE ROAD ~ PO #: 30131 
WESTFIELD TX 77090 Weight: 184350 LB 
USA Ship Date: 09/01/2004 

Recipient: DON BOHAC Mode: Hopper Car 
Fax  Car 8: PSPXOO20 72 

Package: BULK 

Seal No: 429520 

Product: PE 7104 BULK 

Lot Number: CRG812060 

Property Test Method Value Unit 

Melt Index . ST- 7 03 0.35 g/l  Omi 
Density ST-292 0.918 g/cm3 
Production Date 08/01/2004 

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there i s  no warranty of any kind, either expressed or implied, applicable to i ts  use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Donaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at 713-2894799 

I 

Page 1 of 1 



-__- -~ - _  
- --- - - Roll Test Data Report : zmLz Technolom Inc. 

~ - ____ - - - ____ 
-. 

Roll No. 104123233 

ROLL IDENTIFICATION RESIN INFORMATION 
_. ---104123233-----~- E - - ~ ~ - _  ~- 

~ 

- -71()-- - - 
Product Name ~ A 0 0 0  Ope 

Length Z(+/- 1%) 

Chevron Phillips Production Date 9~4/2004 Supplier 

560 feet GSE RESIN TEST DATA 
171 meters 

Width (Nominal) 22.5 feet Propem Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190/2.16) 0.35 
1,170 sq. meters 

Weight 3,644 pounds 
1,653 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Met& English Metric Physical Property 

Thickness, mll (mm) ASTM D 51 99 
Avenge every roll 60 ( 1.5 ) 61 ( 1.6 1 
Minimum every dl 54 ( 1.4 ) 58 ( 1.5 1 

Tensile Properties: ASTM D638,Type IV / D6693 
Break Strength, ppi (N/cm) - TD every 4th 228 26 1 

- MD every 4th 228 274 

-- - - Break Elongation,"/, -TD gauge length = 2.0' 

- (51 rnm) 
- 

ASTM D 1004 
- -  

every 4th 

every 4th 

800 

800 
- 

920 

930 ~- - 
'- MD -. 

Tear Resistance, Ib. (N) 
33 . (  147 1 
33 ( 147 ) 

every4th 

every 4th - MD 

Puncture Resistance, Ib. (N) ASTM D 4833 
every 4th 84 . ( 374 ) 115 ( 510 ) 

Density, g/cc ASTM D 1505 
every 4th 0.920 0.929 

Carbon Black Content. Yo j 

I 
ASTM D 1603' 

every 4th 2.0 2.4 

10 
Carbc¶ Black Dispersion 

.-a 
Vlews in Cat1 - Cat2 

ASTM D 5596 
9 every 4th 



. . , ,  _ ._ ,__ .__ .__  .. . . . .  . . . .. . .  . . . __:_ ._ . .  ......... . . 

Roll No. 104123234 

ROLL DENTIFICATION . RESIN INFORMATION 
Roll Number 104123234 Lot Number CRG812060 

Product Name LWWjOAOQO 71 04 
. . .  . 

Production Date 9/25/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

b n g t h  =(+I- 1%) 

Width (Nominal) 22.5 feet Property Test Method Results 
6.9 meters Density, g/cc ASTM D I505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (I90/2.16) 0.35 
1,170 sq. meters 

Weiglit 3,676 pounds . 
1,667 kilograms 

~~ 

Test Test. Customer Minimum Test Result3 
M e U d  Frequency English Mebic Engkh Mebic 

\ 

Physical Propem 

Thkkmss,, mil (mm) 
Average 

Minimum 

Break Strength, ppi (Nlcm) - TD 
Tensile Properties: 

- MD 

Break Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) 
- TD 

- MD 

Puncture Resistance, Ib. (N) 

Density,g/cc' ' 

Carbon Black Content, % 

Carbon.Bladc Dispersion 
Views in Cat1 - Cat2 

ASTM D 51 99 

gauge length = 2.0' 

(51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 
1 

ASTM D 1603' 

ASTM D 5596 

every roll 
every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 61 ( 1.6 1 
54 ( 1.4 ) 59 ( 1-5 1 

228 

228 

800 

800 

261 

274 

920 e 930 

33 ( 147 ) 40 ( 179 1 
33 ( 147 ) 41 ( 184 1 

84 ( 374 ) 115 ( 510 ) 

0.920 0.929 

2.0 2.4 

9 '  10 

Order No. 36024 
Customer Nmne Cdorado Uning International 
Project Name Rocky Flats Present Closure 
Location Golden, CO 

'Modified 

01 9/25/2004 



. . .  ^. . .  
i 
i 

ROLL IDEhTIFICATION . RESIN INFORMATION 
CRG812060 

- - - 
- -  - - _  - - nibFr-=-*lO4123235' 1 AotNunlber - 

- _  - _  - - 7104----- - - -- - - - _  - ---__ 

Product Name ~ ~ 6 O A O O O  Type 
Production Date 9/25/2004 Supplier C h e m  Phillips 

Length zw- 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

(Nominal) 22.5 feet Prolle* Test Method Results 
6.9 meters 

1,170 sq. meters 

0.918 

Sheet Area 12,600 sq. feet Melt index, g/IO men. ASTM D I238 (I90D.16) 0.35 

Density, g/cc ASTM D 1505 

Weight 3,672 pounds 
1,666 kilograms 

Test Test Customer Mininium Test Results 
Method Frequency English Mebic English Metric PhysicaJ Pioperty 

Thickness, mil (mm) 
Average 

Minimum 

Tensile Properties: 
Break Strength, ppi (Wcm) - TD 

- MD 

.Break . -  ELo_ngation,-% - - TD - 

- MD 

Tear Resistance, Ib. (N) 
- -  

- MD 

Puncture Resistance, Ib. (N) 

ASTM D 5199 
every roll 60 

every roll 54 

ASTM D638,Type IV ID6693 

gauge length = 2.0' 

a (51 mrn) 
_ _ _  ~ 

- -  

ASTM D 1004 
~ . -  I 

ASTM D 4833 

every 4th 

every 4th 

every 4th 

every-4~1 
- 

every.4th . 33 

every 4th 33 

every 4th 84 

every 4th 

Carbon Black Content. % ASTM D 1603' 

carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5596 

every 4th 

every 4th 

( 15 I 
( 1.4 1 

228 

228 

800 

800 - - 

( 147 I 
( 147 1 

( 374 1 

0.920 

2.0 

9 

60 ( 1.5 1 
58 ( 1.5 

262 

276 

906 

932 

44 ( 196 1 
45 ( 200 I 

125 ( 555 ) 

0.930 

2.5 

10 

.~ - Order No. -_ 36824. - 
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1 .  

Roll Test Data Report 
CL Roll No. 10412324 .. m b u n i n r  Technolopv. In . 

ROLL LDENTIFICATION . RESIN INFORMATION 
Roll Number 104123240 Lot Number CRG812060 

Product Name ~ ~ A O o o  
Production Date 9/25/2004 Supplier Chevron Phillips 

7104 Ope  . . .  

560 feet GSE RESIN TEST DATA 
171 . meters 

Length =(+I- 1%) 

. W a h  (Nom,hI)  22.5 feet ProDertv Test Method Results 
6.9 meters Demity, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D 1238 (I90n.16) 0.35 
1,170 sq. meters 

Weight 3,700 pounds 
1,678 kilograms 

x.. 

Physical Property Test Test Customer Minimuni Test Res& 
Method Frequency English M e w .  English Metric 

Thickness, mil (mm) 
Average 

' Minimum 

Tensile Properties: 
Break Strength, ppi (Nan) - TD 

- MD 

Break Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) 
-TD 

- MD 

Puncture Resistance, Ib. (N) 

Density, @cc 

Carbon Black Content. % 

carbon Black Dispersion 
Views tn Cat1 - Cat2 

ASTM D 5199 
every rdl 

every roll 

every 4th 

every 4th 

.every 4th 

(51 mm) every 4th 

every 4th 

every 4th 

ASTM D638,Type IV / D6693 

gauge length = 2.0' 

.ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

every 4th 

every 4th 

every 4th 

ASTM D 5596 
every 4th 

6 0 (  

54 ( 

228 

228 

800 

800 

33 ( 

33 ( 

a (  

0.920 

2.0 

9 

1.5 ) ' 61 ( 1.5 1 
1.4 ) 57 ( 1.5 1 

314 

320 

991 

1028 

147 ) 42 ( 186 1 
147 ) 44 ( 197 1 

374 ) 125 ( 558 ) 

0.928 

2.5 

10 
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- _ _  - - 
Product Name UW60A000 TYPe 7104 

Production Date 9/25/2004 Supplier C h e m  Phillips 

Length ~(4- 1%) 

wdh (Nominal) 22.5 feet 

560 feet GSE RESIN TEST DATA 
171 meters 

Provertv Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D 1238 (190L2.16) 0.35 
1,170 sq. meters 

Weight 3,740 pounds 
1.696 kilograms 

Test Test Customer Minimum Test Results 
Physical Propew Method Frequency English Metric English Me& . 

Thickness. mil (mm) ASTM D 5199 
60 ( 1.5 ) 61 ( 1.6 1 Average every roll 

Minimum every roll 54 ( 1.4 ) 58 ( 1.5 1 

Break Strength, ppi (WCm) - TD every 4th 228 301 

- MD every 4th 228 31 6 

800 965 

Tensile Properties: ASTM D638,Type IV / 06693 

Break Elongation;% - TD - -- -- - gauge length_= 2.01 . . -evg'YA! ._ _. - - - -  - . 

- MD (51 rnrn) every 4th 

ASTM D 1004 
~ _ _  Tear Reslstance,_lb. (N)- - _ _  

-TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Denslty, slcc ASTM D 1505 

' C a m  Black Content, 70 ASTM D 1603' 

Cartion Black Dispersion 
Views in Cat1 - Cat2 

every4th. - 33 

every 4th 33 

every 4th a4 

every 4th 

every 4th 

ASTM D 5596 
every 4th 

800 - 

( 147 

( 147 

( 374 

0.920 

2.0 

9 

. . .  

101 1 

43 ( 190 1 
45 ( 198 1 

_ _  - 

118 ( 523 ) 

0.929 

2.4 

10 



. -  . -  - _  

Roll Test Datu Report 
'ninn Technolow. Inc. 

ROLL IDENTIFICATION 

Roll No. 10412324 

, RESIN INFORMATION 
Roll Number 104123247 Lot Number CRG812060 

Product Name U W 6 0 A 0 0 0  Ope 7104 

Production Date 9f26/2004 Supplier Chevron Phillips 

Length =(+/-I%) 

wih (Nominal) 22.5 feet 

1 r n D  

560 feet GSE RESIN TEST DATA 
171 meters 

Propetty Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190/2.16) 0.35 
1,170 sq. meters 

Weight 3,660 pounds 
1.660 kilograms 

Test Results 
\ 

Test . Test +tamer Minimum 
Method Frequency English Metric English Metric Physical Property 

Thickness, mll (mm) ASTM D 5199 
Average every roll 60 ( 1.5 ) 61 ( 1.5 1 
Minimum every roll 54 ( 1.4 ) 58 ( 1.5 1 

Tensile Properties ASTM D638,Type IV I D6693 
Break Strength, ppi (Wcm) - TD every 4th 228 

- MD every 4th 228 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 

- MD (51. mm) every 4th 800 

Tear Resistance, Ib. (N) ASTM D 1004 

273 

277 

901 

923 

- T D  every 4th 33 ( 147 ) 40 ( 178 1 
- MD every 4th 33 ( 147 ) 40 ( 179 1 

Puncture Reslstance, Ib. (N) 

Density, g/cc 

Carbon Black Content. 

carbon Bladc DisperSlon 
Views in Cat1 - Cat2 

ASTM D 4833 
every 4th 04 ( 374 ) 123 ( 546 ) 

ASTM D 1505 
every 4th 0.920 

ASTM D 1603' 
every 4th 2.0 

every 4th . 9 
ASTM D 5596 

0.929 

2.5 

10 



I 
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-- _ _  --_ - _  - _  --I____ - = -Roll Test Data Report - 

Roll No. 104123251 

ROLL ZDENTIFICXTION . RESIN INFORMATION 
RG812060 

-- -- _ _  - - 
- -  - - 

- - -  
-- - --_ RoU &%iberLlw12W1 __ I- ==-LotNwtber 

- - _  - - _  ----___ 
- 7 1 ~ -  - - - _ _ _  Product Name U~OAOCJO TVPe 

Production Date 9~672004 Supplier Chevron Phillips 

Lertgth =(+I- 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Prooetiv Test Method Results W i h  (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12.600 sq. feat Melt index, g/lO min. ASTM D 1238 (190/2.16) 0.35 
1,170 sq. meters 

Weight 3,700 pounds 
1,678 kilograms 

Physical Property Test 
Method 

Test Customer Minintum Test Results 
Frequency Ennlislt Metric Enplislt Met& 

Thlckness, mll (mm) 
Average 

Minimum 

Break Strength, ppi (N/cm) - TD 
Tensile Properties: 

- MD 

Break- Elonggon, %zTD- - - 
- -  

- MD 

Tear Resistance, Ib. (N) - 
-TO 

- MD 

Puncture Resistance, Ib. (N) 

ASTM D 5199 
every rdl 60 

every roll 54 

ASTM -,Type IV / 06693 

gauge length = 2.0' 

(51 mm) 
- -_ - .__ 

ASTM D 1004 
- _- ----- - . - -  

ASTM D 4833 

every 4th 

every 4th 

every 4th 

every 4th 
- - -  _ _ _  

every 4th 33 

every 4th 33 

every 4th 84 

Density, g/cc ASTM D 1505 
every 4th 

Carbon Black Content, % ASTM D 1603' 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 5596 

every 4th 

every 4th 

( 1.5 1 
( 1-4 1 

228 

228 

800 

800 

( 147 1 
( 147 1 

( 374 1 

0.920 

2.0 

9 

61 ( 1.5 1 
57 ( 1.4 ) ' 

313 

327 

1043 

1029 _- 

40 I ( 179 ) 

43 ( ,193 ) 
.~ 

123 . ( 547 ) 

0.929 

2.5 

9 
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! 

Roll Test Data Report 0 

Roll No. 1041 23252 

ROLL IDENTIFICATION . RESIN INFORMATION 

Roll Number 104123252 Lot Number CRG812060 
71 04 

. .  
Production Date 9/26/2004 Supplier Chevron Phillips 

Length ==(+I- I%) 560 feet GSE RESIN TEST DATA 

width (Nominal) 

171 meters 
22.5 feet Prone* Test Method Results _ _  
6.9 meters 

. .  

Sheet Area 12,600 sq. feet 
1,170 sq. meters 

0.918 Dense, g/cc ASTM D 1505 
Melt index, g / l O  min. ASTM D 1238 (190D.16) 0.35 

Weight 3,694 pounds 
1,676 kilograms 

Test Results Customer Minimum 
. 

Test Test 
Method Frequency English Metric English Metric Physical Property 

Thickness, mil (mm) A!3Th4 D 5199 
Average 

Minimum 

Tensile Properties: ASTM D 6 3 8 . T ~  IV ID6693 
Break Strength, ppi (Wcrn) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 

' -MD (51 rnm) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 

- MD 

Punctum Resistance, Ib. (N) ASTM D 4833 

Carbon Black Content. % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roil 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

313 

327 

1043 

40 ( 179 1 
43 ( 193 1 

123 ( 547 ) 

0.929 

2.5 

9 

Order No. 36824 
Cw&mer Nmne Colorado Uning international 
hoject Name Rocky Fiats Present Closure 
Location Golden, CO 

*Modified 

nl 9/26/2004 
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~- - _  - -- 
- - _  - _ _  - -- _ _  RollTest Data Report - 

.- _ _  
- 

Roll No. 104123287 Linine Technolow. Inc. 

ROLL IDENTIFICATION . RESIN INFORMATION 
-- - - __ CRH810060 -- - 

- -  - .  _ _  - 
uniber - 

' --m - _  

- _  
7104 Product Name UDo6OA000 TVPe 

Production Date 9/29/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length a(#- 1%) 

wid& (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq.feet MeUindex, g/IO min ASTMD 1238 (190D.16) 0.34 

ProOe* Test Method Results 

1,170 sq. meters 

Weight 3,720 pounds 
1,687 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Mebic English Metric Physical Propetty 

Thickness, mll (rnm) ASTMD5199 
60 ( 1.5 ) 62 ( 1.6 1 

Minlmum every roll 54 ( 1.4 ) 60 ( 1.5 1 
every dl Average 

Tensile Properties: ASTM D638,Type IV / D6693 
Break Strength, ppi (N/crn) - TD every 4th 228 289 

- MD every 4th 228 309 

868 
- -  

800 - -  - --gauge length = 2.0- - - eve-ryAth - - 
BreakElongation,%-TD - - - 

- - MD (51 rnrn) every 4th 800 99 1 

-TD every 4th ( -147 ) 44 ( 195 ) -.__ ASTM D 1004 - -  - - ~ - Tear Resistance, Ib. (N) 

- MD every 4th 33 ( 147 ) 45 ( 201 1 
Puncture Resistance, lb. (N) 

Density, @cc 

Carbon Black Content, Yo 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 4833 
every 4th 84 ( 374 1 119 ( 530 ) 

ASTM D 1505 
every 4th 0.920 

A S N  D 1603' 
every 4th 2.0 

every 4th 9 
ASTM D 5596 

0.929 

2.4 

9 



. . . . . . . . . . - . . . - . . .. . -. . . . . .. . 

Roll Test Data Report 
ina Technology. Inc. Roll No. 1041 23288 

ROLL IDENTIFKXTION . RESIN INFORMATION 
Roll Number 104123288 Lot Number CRH810060 

Product Name U.DQ6QAOQO Type 7104 

Production Date 9f29f2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length q+/- 1%) 

wid# (Nominal) 22.5 feet FroperQ Test Method Results 
6.9 meters Dens@, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq.feet Melt i d x ,  g/10 min. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3.716 pounds 
1,686 kilograms 

Test Test Customer Minimum Test ResuLts 
Method Frequency English Metric English Metric Physical Property 

Thickness, mil (mm) 
Average ! 

A s l M  D 51W 
mry rdl 60 ( 1.5 ) 62 ( 1.6 1 

Minimum h r y  Id1 54 ( 1.4 ) 59 ( 1.5 1 
Tensile Properties: ASTM D638,Type IV 1 D6693 

Break Strength. ppi (N/cm) - TD every 4th 228 289 

- MD 

Break Elongation. YO - TD gauge length = 2.0' 

- MD (51 mrn) 

Tear Resistance, Ib: (N) ASTM D 1004 
-TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4033 

Density, g/cc ASTM D 1505 

Carbon Black Content. ASTM D 1603' 

Carbon Black Dispersion 
. Views in Cat1 - Cat2 

ASTM D 5596 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

309 

868 

119 ( 530 ) 

0.929 

2.4 

9 

I 

Golden, 36824 CO n1 i Order No. 
Customer Name Colorado Lining lnternationd 
Project Nume Rocky Flats Present Closure 

Location 9/29/2004 ..._ A . P - A  

I 



I 1 ~ --., ~ _ _  . . . . . . . . . . . . . . . . .  . . . . . .  

l j  

ROLL IDENTIFICATlON RESIN INFORMATION 

- 
- i= 104123289-- - -  --= -Lot Number_ - 

- - - - 

-- -_  _ _  ~- _ _ -  
- __ ---7104- I ---__ Product Name Ll-DO6t3A000 nPe 

Production Date 9/29/2004 Supplier Chevron Phillips 

Leltgth q+/- 1%) 

W i t h  (Nominal) 22.5 feet 

560 feet GSE RESIN TEST DATA 
171 meters 

Prouem Test Method Results 
6.9 meters Density, g/cc ASTM D IS05 0.919 

Sheet Area 12,600 sq. feet MeU index, g/lO min. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3.706 pounds 
1,681 kilograms 

Test Test Customer Minimum Test Results 
Physical Property Method Frequency English Mebic English Metric 

Thickness, mil (mm) ASTM D 51 9!3 
Average every rdi 62 ( 1.6 1 
Minimum every roll 54 ( 1.4 ) 60 ( 1.5 1 

60 ( 1.5 ) 

Tensile Properties: ASTM D638,Type IV I 06693 
Break Strength, ppi (Wcm) - TU every 4th 228 296 

- MD every 4th 228 308 

- - - -Break Elongation. %-YE- __ - - gauge length = 2.0’ every 4th 800 895 

lo00 
___ ~ - 

-MD . (51 mm) every 4th 

ASTM D 1004 

- -  
- - -  - --_ _ _  

800 
- 

Tear Resistance, Ib. (N) 
- every4th _ _  33 ( 147 - 42 ( 188 1 - -  - - - _ - _  - _ _  

-TD 

- MD every 4th 33 ( 147 ) 44 ( 195 ) 

Puncture Resistance, Ib. (N) 

Density, doc 

Carbon Black Content. % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 4833 
every 4th 84 ( 374 ) 119 ( 530 ) 

ASTM D 1505 
.every 4th 0.920 

ASTM D 1603’ 

ASTM D 5596 

every 4th 2.0 

every 4th 9 

0.928 

2.4 

10 



. .  . .  
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Roll Test Data Report 
Technolow. Inc. Roll No. 104123290 

ROLL IDENTXFICATION RESIN INFORMATION 

Roll Number 104123290 Lot Number CRH810060 

Product Name LL0o60A000 7104 

Production Date 9/29/2004 Supplier Chevron Phillips 

l h g t J t  =(+.I- 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Width (Nominal) . 22.5 feet 
6.9 meters 

Prooem 
Densify, g/cc 

Test Method 
ASTM D 1505 

Results 
0.919 

Sheet Area 12,600 sq. feet . Melt index, g/lO min. ASTM D I238 (1901'2.16) 0.34 
1,170 sq. meters 

Weight 3,722 pounds 
1,688 kilograms 

Test Test Customer Minimum Test Res& 
Method . ' Frequency English Mebic English Metric Physical Property 

Thickness, mil (mm) 
Average 

Minimum 

ASTM D 5199 

Tensile Properties: ASTM D638,Type IV I 06693 
Break Strength, ppl (N/cm) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 

- MD (51 mrn) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833. 

Density, g/cc ASTM D 1505 

Carbon Black Content, % ASTM D 1603' 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5596 

y d l  

every rdl 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 61 . ( 1.5 ) 

54 :, ( 1.4 ) 58 ( 1.5 1 

228 

228 

800 

BOO 

296 

308 

895 

lorn e 
33 ( 147 ) 42 ( 188 1 
33 , ( 147 ) 44 ( 195 1 

84 ( 374 .) 119 ( 530 ) 

0.920 0.928 

2.0 2.4 

9 ' 10 



- _  - -  hipping Order - Packing- List - Original.- -No$- Negotiable - __ 

GSE Lining Technology. Inc. at HOUSTON,TEXAS Shippers No. 44776 

-..d n Hauton. TsxSr from GSE Lining Tedwlogy. IK. (ha popefly described Wow, h app8re.m good order, excepl m noted ( m e n t s  and condition 01 pad;ages unknown). marked, comlgned. 
tlon. It Is rhuhrelly agreed as to each Carrier of all o( any said gropefly. oyer dl or m y  portlon 
every snvlce pectormed hereundn shaU be subject to the rates and contrea -reed to h 
lor lhe shipment h conditianed_ar ( 1  1 the exlstemc of a separate wrlften contract with ihs 
s must look solely to a peny other &xGSE Lintng techndogy. lnc lor payment--- - - _  

Ship To: Colorado Lininglflocky Flats Present 
10808 Hwy 93, Unit 8 MV72 
Golden CO 80403 

-- 

Date: 09/30/04 

Roll Certifications 
Included 

Branch Plant: 1500 .621811 

Shipping Instructions : 
Contact Dan L. 303 841-2022 24 hrs prior to delivery 

- 
No. 
utw 
1 
- 

2 

3 

4 ~- 

5 

6 

7 

E 

9 

- 

10 

11 

12 

Rdl k 
104123239 

1041 23267 

104123280 

104123282 

104123283 
--. - . 

104123284 

104 1 23285 

104 1 23286 

104123291 

104123294 

104123295 

104123296 

QTY 
Shipped 

12600 

12600 

12600 

-1 2600 

12600 
- _  

12600 

12600 

12600 

12600 

12600 

12600 

12600 

- 

UM - 
SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

Kind of Package. Description of Articles, 
Special Marks. and Exceptions 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex - __  - - 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
elk,-VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Blk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UItraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk. VF. Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF. Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF. Smooth, 22.5' 

60 mil Avg UltraFlex 
Blk. VF, Smooth, 22.5' 

Sales Order 

36824 SO 

3,828.C 

3.760.0 

3.73a.c 

3,734.0 

Weight Project# 51 51 22 

3,702.0 Freight charges are 

3'690.0 

3,692.0 0 

prepaid unless marked 

Z Z i o x  i f  collect. 

Customer P.O. #: 

30966 
- 3.7 3 2 .O - -  

If this shipment is to be 
delivered to consignor, 
consignor shall sign the 
following statement. 
Carrier may decline to 
deliver this shipment 
without payment of 
freight and all other lawful 
charges. 

3.738.0 

Signed: 

X 

3,640.0 

lPick Up # 

6363RR 

Truckers P.O. # 

Driver Requirements: CARRIER NAME: 
1) Driver musl pre call 24 hrs prior to delivery and o n  Frida-y for Monday delivery. 
2) Driver must call 1281) 230-6781 when unloaded. 
3) Driver must call and advise any delay in transit. 

- - -  
CARRIER SIGNATURE: 

- _  4) A cTy3f fh iTB lL  must accompany Freight Invoice: A- - - _DATE: - -  



. . .. ._. . __--. . ... 

CoA Date: 09103l2004 

Certificate of Analysis 

Shipped To: GSE L I N I N G  TECHNOLOGY' 
19103 O L E  ROAD 
WESTFIELD T X  77090 
USA 

-. 
Rebipient: DON BOHAC 
Fax: 

Product: PE 7104 BULK 

Lot Number: CRH810060 

I N C  HC CPC Delivery #: 8671 1033 
PO #: 30131 
Weight: 183300 LE 
Ship Date: 09/03/2004 
Package: BULK 
Mode: Hopper Car 
Car #: GOCX058 103 
Seal No: 429778 

Property Test Method Value Unit 

Melt Index ST- 103 0.34 g l l  Omi 
Density ST-292 0.9 19 g/cm3 

) Production Date 8/2/2004 

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there i s  no warranty of any kind, either expressed or implied, applidble to its use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Donaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at 7 13-2894799 

. .  

e 
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Certificate of Analysis 

CoA Date: 09/0112004 

Shipped To: GSE LINING 'kl3CHNOLOGY INC HC 
19103 GUNDLE ROAD 
WESTFIELD TX 77090 
USA 

Recipient: DON BOHAC 
Fax 

CPC Delivery #: 86708432 
PO #: 30131 
Weight: 184350 L6 
Ship Date: 09/01/2004 
Package: BULK 
Mode: Hopper Car 
Car #: 
Seal No: 429520 

PSPXOO2072 

Product: PE 7104 BULK 

Lot Number: CRG8 12060 

- - Test Method Value- -- - - - Unit - - -  -_  
Property -- ---- 

Melt Index ST-1 03. 0.35 911 Omi 
j- ' ~ e i ~ i t ~  ~ ST-292 - -  - 0,918 glcrn3 

Production Date 08/01 E004 

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there i s  no warranty of any kind, either expressed or ,implied, applicable to its use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Oonaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at 7 13-289-4799 

~ ._ 
. . .  
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Roll No. 104123239 

Roll Test Data Report 
' inn Technolom. Inc. 

ROLL IDENTIFICATION RESIN INFORMATION 
Roll Number 1041 23239 Lot Number CRG812060 

Product Name lJ-DO6OA000 Ope  7104 

Production Date 9/25/2004 Supplier Chevron Phillips 

&11gth q+/- 1%) 560 feet GSE RESIN TEST DATA 

 width (Nominal) 22.5 feet Prooeq Test Method Results 

mm 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D I238 (190L2.16) 0.35 
1.170 sq. meters 

1,679 kilograms 
Weight 3,702 pounds 

Test Test Customer Minimum Test Results 
Method Frequency English Metric English Metric 

Physical Propem 

Thickness, mil (mm) 

Minlmum 

AWRige 

Tensile Properties: 
Break Strength, ppi (N/cm) - TO 

- MD 

Break Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) 
-TD 

- MD 

Puncture Resistance, Ib. (N) 

Carbon Black Content. % 

Cam Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5199 

ASTM D638,Type IV I06693 

gauge length = 2.0' 

. (51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 160r 

ASTM D 5596 

every rdl 

every roll 

every 4th 

every 4th 

every 4th 

eveiy 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1 . 5 )  

54 ( 1.4 ) 

228 

228 

800 

800 

33 ( 147 ) 

33 ( . 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

61 ( 1.6 . ) 

58 .( 1.5 ) 

31 4 

320 

991 

42 

44 

125 

0.928 

186 1 
197 ) 

2.5 

10 

Order No. 36824 
Customer Name Colorado Lining International 
Project Nunre Rocky Flats Present Closure 
Location Golden, CO 

i * h A d i f i n i i  

nl 9/25/2004 
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Roll No. 104123267 

ROLL IDENTlFICATlON RESIN INFORMATION 

Production Date 9/27/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length =(+I- 1%) 

w m  (NominaJ) 22.5 feet Prove* Test Method Results 
6.9 meters Dense, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190/2.16) 0.35 

Weight 3,690 pounds 

1,170 sq. meters 

1,674 kilograms 

Test Test Customer Minhum Test Results 
Method Frequency English Metric English Mebic Physical Propem 

Thickness, mil (mm) ASTM D 5199 
AVefXige 

Minimum 

Tensile Properties: ASTM D638,Type IV I D6693 
Break Strength, ppi (Nlcm) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 
-- -- - MD---- - .- _--- (51 mm)- 

Tear Resistance, Ib. (N) ASTM D 1004 

-- ~ - _ _ _  -n> 
- MD 

- _ _  -- _ _ -  ---__-I _ _  

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, glcc 

Carbon.Black Content, % 

Cadm Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every roll. 60 ( 1.5 .) 62 

every rdl 54 ( 1.4 ) 57 

every 4th 228 

every 4th 228 

every 4th 800 

every4th - - 800-__- _ _  

every4th 33 ( 147 ) 42 

every 4th' 33- ( - ' I 4 7  )- 44 
-- - 

every 4th 84' ( 374 ) 115 

every 4th 0.920 

every 4th 2.0 

every 4th 9 

324 

351 

916 

1102 

( 512 
. .  

0.930 

2.5 

10 



Roll Test Data Report 
Technolm. Inc. Roll No. 104123280 

ROLL IDENTIFICQTION RESIN INFORMATION 

Roll Number 104123280 Lot Number CRH810060 

Product Name LLDO6OA000 Type 71 04 

Production Dare 9128i2004 Supplier Ctievron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length =(+/- 1%) 

widh (Nominal) 22.5 feet Prouertr Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D 1238 (19012.16) 0.34 
1,170 sq. meters 

Weight 3,692 pounds 
1,675 kilograms 

'. Test Test Customer Minimum Test Results 
Method . Frequency English Mebic English Mebic Physical Propee  

Thickness, mll (mm) 
Average 

Minlmum 

ASfM D 5199 

Tensile Properties: ASTM D638,Type IV I D6693 
Break Strength, ppl (Wcrn) - TD 

- MD. 

Break Elongation, % - TD gauge length = 2.0' 

- MD (51 mm) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 

- MD 
Puncture Resistance, Ib. (N) ASTM D 4833 

.' Density. g/cc ASTM D 1505 

Carbon Black Content. % ASTM D 1603' 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 

800 

33 ( 147 ) .  

33 ( 147 ) 

84 ( 374 ) 

0.920 

'2.0 

9 

330 

,333 

946 

116 ( 516 ) 

0.929 

2.4 

10 



Roll No. 104123282 

ROLL IDENTIFICATION RESIN I N F O M T I O N  

Production Date 9/28/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length =(+A 1%) 

Width (Nominal) 22.5 feet Prouerty Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area ' 12,600 sq. feet Melt index, glI0 min. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3,732. pounds 
1,693 kilograms 

Test Customer Minimum Test Results Test 
Method Frequency English Mebic English Mebic Physkal Property 

Thickness, mil (mm) ASTM D 5199 

AveF3ge 

Minimum 

Tensile Properties: ASTM D638,Type IV ID6693 

Break Strength, ppi (N/cm) - TO 

- MD 

Break Elongation. YO - TO gauge length = 2.0' 
- - - -  - -  - __ 

- MD (51 mm)- - 

Tear Resistance, Ib. (N) ASTM D 1004 
__ - - --TD 

- MD 

- _ _  
- a- 

- _ -  

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, glcc ASTM D 1505 

Carbon Black Content, % A S N  D 1603' 
I '! 

Carbon 81ack Dispersion 
. Views in Cat1 - Cat2 

every roll 60 ( 1 . 5 )  ' 6 3  ( 1.6 1 
every roll 54 ( 1.4 ) 61 ( 1.5 1 

every 4th 228 330 

every 4th 228 333 

every 4th 800 946 

= every 4th - 800- - - 926 - 

every 4th 33 ( 147 ) 47 . ( 207 ) 

every4th . 33 ( 147 -) - 46 ( 204 ) 

every 4th 84 ( 374 ) 116 ( 516 ) 

every 4th 0.920 0.929 

every 4th 2.0 2.4 

ASTM D 5596 
every 4th 9 10 
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Roll Test Data Report 
Technolom Inc. Roll No. 104123283 

~~ 

ROLL IDENTIFICATION . RESIN LNFORMATION 
Roll Number 104123283 

Product Name ~ A 0 0 0  

Production Date 9/28/2004 

Lot Number 

TYpe 
Supplier 

CRH610060 

7104 

C h e w  Phillips 
.. . . .  

Length q+/. 1%) 560 feet' 
171 meters 

Width {Nominal) '22.5 feet 
6.9 meters 

Sheet Area 12,600 sq. feet 
1.1 70 sq. meters 

Weight 3,828 pounds 
1,736 kilograms 

GSE RESIN TEST DATA 
~ ~~ 

Property Test Method Results 
Density, g/cc ASTM D I505 0.919 

Melt index, g/IO min. ASTM D 1238 (190/2.16) 0.34 

. 
Test Test Customer Minimum Test Results 

Method Frequency English Me& English Mebic Physical Property 

Thlckness. mil (mm) 

Minimum 

AVerage 

Tensile Propenies: 
. Break Strength, ppl (N/cm) - TD 

- MD 

Break Elongation, % - TO 

- MD 

Tear Resistance, Ib. (N) 
-TD 

- MD 
Puncture Resistance, Ib. (N) 

Density, g / a  

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 51 99 

ASTM D638,Type IV I D6693 

gauge length = 2.0' 

(51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM 0 1603' 

ASTM D 5596 

every roll 

every rdl 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

ever); 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 . ) 

54' ( 1.4 ) 

228 

228 

800 

800 

33 ( ' 147 . )  

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

' 9  

313 '. 

323 

924 

124 ( 551 ) 

0.928 

2.4 

9 

Order No. 36824 
Cusbmer Narne Cdorado Lining International 
Project Name Rocky Flats Present Closure 
Locctrion Golden, CO 9/29/2004 
*L n-.4;4i#w4 
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Roll No. 104123284 

ROLL IDENTIFICATION RESIN INFORMATION 
60 - 

- - -_ - - - -  -- ._ 
_ _  -Roll Number,- =1J412%84_  - &t Number 

7104 - - - -  _ _  TYPe - 

Production Date 9/2@4004 Supplier C h e w  Phlllips 

560 feet GSE RESIN TEST DATA 
171 meters 

h n g t h  =(+I- 1%) 

width (Nominal) 22.5 feet Prouem Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.919 

pninn  Technolom. Inc. 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3,760 pounds 
1,706 kilograms 

Thickness, mil (mm) 
Average 

M i n l m h  

ASTM D 5199 
every roll 

every roll 

60 . ( 1.5 ) 61 ( 1.5 1 
54 ( 1.4 ) 59 ( 1.5 1 

Tensile Properties: 
Break Strength, ppl (Wcm) -'TD 

ASTM D638,Type IV I D6693 

- MD 

Break Elongation. % - TD 
- - - - _ _ _  

;MD - 

Tear Resistance, Ib. (N) 

-n, . _  
- MD 

gauge length = 2.0' 

-(51 mm) - 
_ _  

ASTM D 1004 

- _ _  _ _  

Test Test Customer Minimum Test Res& 
Method Frequency English Metric English Metric Physical Property 

Puncture Resistance, Ib. (N) 

Density, Sl- 

C a h n  Black Content, % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every 4th 

every 4th 

every 4th 

-= every 4th- 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

- 

33 

33 

84 

( 147. ) 44 

( i4; ) 47 

31 3 

323 

924 

. _  1026 - - 

( 374 124 

0.920 . 0.928 

2.0 2.4 

9 9 
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Roll Test Data Report 
Lining Technobm. Inc. Roll No. 104123285 

ROLL IDENTIFICATION RESIN INFORMATION 

Lot Number 
TYPe 

CRH810060 

7104 

Production Date 9lX3J2004 Supplier. Chevron Phillips 

b n g t h  1%) 560 feet GSE RESIN TEST DATA 

Wath (Nominal) 22.5 feet ProDerlv Test Method Results 
171 meters 

6.9 meterS Density) g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet MeUindex, g/IO min. ASTM D 1238 (190/2.14) 0.34 
1,170 sq. meters 

Weight 3,738 pounds 
1.696 kilograms 

~~~ ~ 

Test . Test Customer Minimum Test Results 
nieutod Frequency English Mebic Englisli Mebic Physical Property 

Thlckness, mil (mm) ASTM 0 5199 
Average every dI 60 ( 1.5 ) 62 ( 1.6 1 
Minimum every roll 54 ( 1.4 ) 60 ( 1.5 1 

Tensile Properties: ASTM D638,Type IV ID6693 
Break Strength, ppi (Wcm) - TD every 4th 228 313 

* MD every 4th 228 323 

Break Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) 
-TD 

- MD 

Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon B l a e  Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

gauge length = 2.0' 

(51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM 0 1603' 

ASTM D 5596 

every 4th 800 924 

every 4th 800 

1026 8 
every' 4th 33 ( 147 ) 44 ( 195 1 
every 4th 33 ( 147 ) 47 ( 211 1 

every 4th 84 ( 374 ) 124 ( 551 ) 

every 4th 0.920 0.928 

every 4th 2.0 . 2.4 

every 4th 9 9 

Order No. 36824 
CMhmer Natne Colorado Lining l n t e m a t i i  
project Nanze Rocky Flats Present Closure 
Location Golden, CO 9/29/2004 
...--I' I - A  
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- - - - RollTest-Dzta Report --_ - -  
- _ _ - _ _  __ 

Pninp Technolom. Inc. Roll No. 104123286 

ROLL IDENTIFICATION RESIN INFORMATION 

Production Date 9Q0J2004 Supplier Chevron Phillips 

Length ~ ( 4 -  1%) 560 feet GSE RESIN TEST DATA 

width (Nominal) 22.5 feet ProDerhr Test Method Results 
171 meters 

6.9 meters 

1.170 sq. meters 

1,694 kilograms 

0.919 Density, g/cc * ASTMD1505 
Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D 1238 (190n.16) 0.34 

Weight 3,734 pounds 

Physical Property Test Test Customer Minimum Test Results 
Method Frequency Enj?lisIi Metric Endish Metric 

Thickness, mil (mm) 
Average 

Minimum 

Tensile Properties: 
Break Strength, ppi (Nkm) - TD 

- MD 

Break Elongation, % - TD 
- - -  

-- MD -- - - 

Tear Resistance, Ib. (N) 
- .  - TD 

- MD 

Puncture Resistance, Ib. (N) 

Density, glcc 

Carbon Black Content. % 

O n  Black Dispersion 
Views in Cat1 - Cat2 

A S N  D 5199 
every rdl 

every rdl 

every 4th 

every 4th 

every 4th 

ASTM -,Type IV / D6693 

gauge length = 2.0' 

- -(Sl-mrn)- - every4th-- 

ASTM D 1004 

ASTM D 4833 

A S N  D 1505 

ASTM D 1603' 

ASTM D 5596 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 
- -  800- - - -. 

33 ( --147 

33 ( 147 
. -. - -  

04 ( 374 

0.920 

2.0 

9 

62 ( 1.6 .' 

60 ( 1.5 

289 

309 

868 

44 

45 

119 

991 - - 

195 ) 

201 ) 

530 ) 

0.929 

2.4 

9 
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Roll Test Data Report 
Roll No. 104123291 

ROLL. IDENTIFICATION RESIN INFORMATION 

Roll Number W4123291 Lot Number CRH810060 

Product Name l .UX160A~0 Ope 7104 

Production Date 9129/2004 Supplier Chevron Phillips 

Length =(+I- 1%) 560 feet GSE RESIN TEST DATA 

width (Nominal) 22.5 feet ProDem Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12.600 sq.feet Melt index, g/IO min ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3,738 ,pounds 
1,696 kilograms 

~ 

'. Test Test Customer Minimum Test Res& 
Method Frequency English Mebic English Mebic Physical Propem 

Thickness. mil (rnrn) ASTM D 5199 
Average every rdl 60 ( 1.5 ) 62 ( 1.6 ) 

Minimum every roil 54 . ( 1.4 ) 59 ( 1.5 ) 

Tensile Properties: ASTM D638,Type IV I 06693 
Break Strength, ppi (N/cm) - TD every 4th 228 296 

- MD every 4th 228 308 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 895 

lorn a - MD (51 mm) every 4th 800 

Tear Resistance, ib. (N) ASTM D 1004 
-TD every 4th 33 ( 147 ) 42 ( 188 ) 

- MD every 4th 33 ( 147 ) 44 ( 195 1 
Puncture Resistance, Ib. (N) 

Carbon Black Content, % 

ASTM D 4833 
119 ( 530 ) every 4th 84 ( 374 ) 

ASTM D 1505 
every 4th 4.920 

ASTM D 1603' 
every 4th 2.0 

0.928 

2.4 

CaItml Black Dispersion ASTM D 5596 
Views in Cat1 - Cat2 every 4th 9 10 

1 

9/29/2004 

C I A  

Order No. 36824 

Cm&jmer Nume Cdorado Lining International 
Project Nmle Rocky Flats Present Closure 
Location Golden, CO 

'Modified 



ROLL IDENTIFICQ T ~ O N  RESIN INFORMATION 

Production Date 91'29/2004 Supplier Ctie'Mon Phillips 

h ~ t g t h  =(+I. 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

ProDerl)! Test Method Results Width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/lO min ASTM D 1238 (19012.14) 0.34 
1,170 sq. meters 

Weight 3,680 pounds 
1,669 kilograms 

Test Test Customer Mininuun Test Res& 
Method Frequency English Mebic English Mebic Physical Property 

Thickness, mil (mm) ASTM D 5199 
Average every roll 

Minimum every roll 

Break Strength, ppi (N/cm) - TD every 4th 

- MD every 4th 

every 4th 

Tensile Properties: ASTM D638,Type IV / D6693 

Break Elongation, % - TD gauge length = 2.0' 
-. 

Tear Resistance, Ib. (N) 
-- TD 

- MD 
-- - -  _ -  - _ _  - 

Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon Black Content. % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

-(51 mm) -- every 4th- 

ASTM D 1004 
every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

. -_ - _. 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

228 

228 

800 

- 800 - -._ 

33 ( 147 ) 

33 ( 147 ) 

a4 ( 374 ) 

0.920 

2.0 

31 6 

31 8 

920 

1015 - 

43 ( 190 1 
-44 - (  197 ) 

120 ( 534 ) 

0.929 

2.5 

10 



Roll Test Data Report 
Technologv. Znc. Roll No. 104123295 

ROLL IDENTIFICATION . RESIN INFORMATION 

Roll Number 104123295 Lot Number CRH810060 
7104 Product Name m O A 0 0 0  Type 

Length =(+/- 1%) 

Production Date 9/29/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Width (Nominal) 22.5 feet Propem Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D I238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3,680 pounds 
1,669 kilograms 

'. 
Physical Propem Test Res& Customer Minimum Test Test 

Method Frequency English Metric English Metric 

~hickness, mn (mm) 
. Average 

Minimum 

Tensile Properties: 
Break Strength, ppi (Nlcm) - TD 

- MD 

Break Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) 
-TD 

- MD 

Puncture Resistance. Ib. (N) 

Density, €m 

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

A m  D 5199 

ASTM D638,Type IV I D6693 

gauge length = 2.0' 

(51 rnm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 

.so0 

33 ( ,147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

271 

272 

935 . 

42 ( 186 1 
41 ( 183 ) . 

129 ( 547 ) 

0.929 

2.5 

10 

9/29/2004 

Order No. 36824 

&&mer Natne 
Project Nanze 
tocrrlion Golden, CO 

Colorado Uning International ' 

Rocky Flats Present Closure 

*Modifinrl 



! '  
I 

ininn Technolom Inc. Roll No. 104123296 

Width (Nominal) 22.5 feet 
6.9 meters 

Prooem 
Density, g/cc 

Test Method Results 
ASTM D 1505 0.919 

Sheet Area 12,600 . sq. feet Melt index, g/lO.min. ASTM D 1238 (19W2.16) 0.34 
1,170 sq. meters 

Weight 3,640 pounds 
1,651 kilograms 

Physical Property Test Test Customer Minimum Test Results 
Method Frequency English Mebic English Met& 

Thidcness. mil (mm) 
Average 

Minimum 

ASTM D 51 99 

Tensllg Properties: ASTM D638,Type IV 1 D6693 
Break Strength, ppi (Wcm) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 

- ;MD- .- - 

- -e- Tear Resistance, Ib. (N) 

- (51 rnm) 

ASTM D 1004 
-TD 

- MD 
- - -  - 

Puncture Resistance. Ib. (N) ASTM D 4833 

Density, g/cc ASTM D 1505 

. .  Cabn  Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 1603' 

every roll 60 ( 1.5 ) 61 ( 1.6 1 
every roll 54 . ( 1.4 ) 58 ( 1.5 1 . .  

every 4th 228 271 

every 4th 228 272 

every 4th 860 935 

every4th - - -~ 800- 8 8 8 .  - 

every 4th 33 ( 147 ) 42 ( 186 1 
eve< 4th 33 ( 147 - )  - 41 ( -  183- ) 

every 4th 84 . ( 374 ) 123 ( 547 ) 

every 4th 0.920 

every 4th 2.0 

ASTM D 5596 
every 4th 9 

0.929 

2.5 

10 



. . .  . . . . . . . . . . . . . . . . . .  . . . . . . .  . . ._ .  :L ._.. . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  

Shipping Order - Packing List - Original - Not Negotiable 
GSE W n g  Technology. Im. at HOUSTON,TEXAS Shippers No. 44769 - 

-. _ .  . 
Ship To: Colorado LininglRocky Flats Present Date: 09129104 

10808 Hwy 93, Unit B MV72 
Golden CO 80403 Roll Certifications 

Included 
Branch Plant: 1500 .621811 

Shipping Instructions : 
Contact Dan L. 303 841-2022 

- 
No. 
unc 
1 

2 

3 

- 

4 

5 

8 

7 

B 

4 

10 

11 

12 

- 

.- 
Ron t 

1041 23231 

1041 23232 

1041 23236 

1041 23238 

1041 23241 

1041 23242 

1041 23245 

1041 23248 

1041 23250 

1041 23277 

1041 23278 

1041 23279 

QTY 
Shipped 

1260C 

126% 

126OC 

126OC 

1260C 

1260C 

1260C 

1260C 

126OC 

126OC 

126OC 

126OC 

UM 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

SF 

24 hrs prior to-delivery 
Sales Order 

36824 SO 

Kind of.Packege. Description of Articles, 
' Special Marks, and Exceptions 

UD060A000 

LLD060A000 

LLD060A000 

LLW60A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLDO60A000 

LLD060A000 

UDO60A000 

LLW60A000 

60 mil Avg Ultraflex 
Elk, VF, Smooth. 22.5' 

60 mil Avg UltraFlex 
Elk. VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Blk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF. Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk. VF, Smooth, 22.5' 

60 mil Avg Ultraflex 
Elk, VF. Smooth, 22.5' 

60 mil Avg Ultraflex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk. VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

prepaid unless marked 

Check box if collect. 

3,664.0 

. 1 Customer P.O. #: 
3,675.0 

30966 

delivered to consignor, 
3.729.0 

3,740.0 

3.660.0 

consignor shall sign the 
following statement. 
Carrier may decline'to 
deliver this shipment 
without payment of 
freight and all other lawful 
charges. 

Signed: 
3.706.0) 

I x  
Pick Up # 

Seal # 

Truckers P.O. # 

Total Quantity: 1 5 1 ,200 Total Weight: 44,320.00 

Driver Requirements: CARRIER NAME: 
1) Driver must pre call 24 hrs prior to delivery and on Friday for Monday delivery. 
2) D h e r  must can (281) 230-6781 when unloaded. 
31 Driver must call and advise any dela kr transit. 
4) A copy of this B/L must accompany\reight Invoice. 

CARRIER SIGNATURE: 

DATE: 

GSE 7.5.5-007 ORIGINAL REV02 - Date 06/12/01 
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SaJ @ Phlllips 
I,  --" 

CoA Date: 09/03/2004 

Shipped To: GSE LINING TECHNOLOGY INC HC CPC Delivery #: 867 11 033 
PO #: 30131 19103 GUNDLE ROAD 

WESTFIELD TX 77090 Weight: 183300 LB 
USA Ship Date: 09/03/2004 

Recipient: DON BOHAC Mode: Hopper Car 
Fax: Car #: GOCX058 103 

Package: BULK 

Seal No: 429778 

Product: PE 7104 BULK 

I Lot Number: CRH8 10060 
I 
I 

I Property Test Method Value Unit 
- - _ - _  - - - -- _ _ _ _  - - _ _ _  

M e l t  Index - - . ST-103- 0.34- -- g / l  Omi 
, Density ST-292 0.919 glcrn3 

- 

I - 
8/2/2004 - ~- __ I- - - -  -,):_ . Production Date - _ _  - 

The data set forth herein have been carefully compiled b y  Chevron Phillips Chemical Company LP. 
However, there i s  no warranty of any kind, either expressed or implied, applicable to its use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Donaldson 
Quality Control Supervisor 

I For CoA questions contact Peter Scheirman at 7 13-2894799 



._. .. . . . . .__._. . .- .. .___, _, . .- .... . . . . . . . ... . . 

. .  

! .  

u x w r o n  Phillips Y / 1 / 2 0 0 4 .  1:33 PM PAGE 1/001 Fax Server 

a CoA Date: 09/0112004 

- . .  . 

Certificate of ,Analysis . 

Shipped To: GSE LINING TECHNOLOGY INC HC CPC Delivery #: 86708432 
1 9 1 0 3  GUNDLE ROAD PO #: 30131 
WESTFIELD TX 77090  - Weight: 184350 LB 
USA Ship Date: 09/01/2004 

Recipient: DON BOHAC Mode: Hopper Car 
Fax Car #: PSPXOO2072 

Package: BULK 

Seal No: 429520 

Product: PE 7 1 0 4  BULK 

Lot Number: CRG8 12060 

Property Test Method Value Unit 

Melt Index ST- 103 0.35 g/lOrni 

Production Date 08/01/2004 
I . 1 Density ST-292 0.918 g/crn3 

The data s e t  forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there i s  no warranty of any kind, either expressed or implied, applicable to i ts use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Donaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at ,713-2894799 

Page 1 of 1 
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- .  _ _ _ _  ___ ___ Roll Test Data Report _ _  -- - 
- - - _ _ ~  ~ __ - _  - 

Roll No. 104123231 
1 .  

Ening Technolom. Inc. 

ROLL IDENTIFICATION RESIN INFORMATION 

-0 
. . - 

Production Dale 9/’24/2004 Supplier C h e w  Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length =(+I- 1%) 

width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D I505 0.918 

Sheet Area 12,600 sq.feet Melt index, g/ZO min ASTM D 1238 (Z90/2.16) 0.35 

Property Test Method Results 

1,170 sq. meters 

1,659 kilograms 
Weight 3,658 pounds 

Test Test Customer Minimum Test Results 
Method Frequency English Metric English M e w  Physical Property 

Thickness, mil (mm) ASTM D 51 99 
Average 

Minimum 

Tensile Properties: ASTM D638,Type IV I 06693 
Break Strength, ppi (N/cm) - TD 

- MD 

Break Elongation, % - TO gauge length = 2.0’ 

- (51 mm) - -- - MD.-- _ _  _ _  

Tear Resistance, Ib. (N) ASTM D 1004 
- TD 

- MD 
- -  . _ _  

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, g/cc ASTM D 1505 

Carbon Black Content. % ASTMD1603’ 

Cat6ot-1 Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

evei-4th 

every 4th 

every 4th 

every 4th 

every 4th 

- 

60 . ( 1.5 ) 61 . ( 1.6 ) 

54 ( 1.4 ) 59 ( 1.5 1 

228 329 

228 31 4 

800 952 

800 - 1074- - 

33 ( . 147 ) 43 ( 192 1 
33 ( 147 ) 45 - (  - 1  
- _ _  

84 ( 374 ) 119 ( 529 ) 

0.920 0.929 

2.0 2.4 

9 10 

i - 



Roll Test Data Report 
,U&a TechnoCopv. Inc. Roll No. 104123232 

ROLL LDENTIFIUTION RESIN INFORMATION 

Roll Number 104123232 Lot Number CRG812060 

Product Name UW60A000 TVPe 7104 

Production Date 9tWm04 Supplier Chevron Phillips 

Length %+/-1%) 560 feet GSE RESIN TEST DATA 

w@h (Nominal) 22.5 feet Prooem Test Method Resultk 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (1901'2.16) 0.35 
1,170 sq. meters 

Weight 3,668 pounds 
1,664 kilograms 

Test Test Cuslomer Minimum Test Resub 
Method Frequency English Me& English Me& 

'. 
Physical Property 

Thickness, mil (mm) 

Minimum 

ASTM D 51 99 

Average every rdl 60 ( 1.5 ) 61 ( 1.6 1 
every dl 54 ( 1.4 ) 59 ( 1.5 1 

Tensile Properties: ASTM D638,Type IV ID6693 

Break Strength, ppl (Nun) - TD every 4th 228 261 

- MD every 4th 228 274 

Break Elongation, X - TD gauge length = 2.0' every 4th 800 920 

- MD 

Tear Resistance, Ib. (N). 
-TD 

- MD 

Puncture Resistance, ib. (N) 

Density, a'cc 

Carbon Black Content, 56 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

(51 mm) every 4th 800 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

. .. 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

33 ( 147 ) 40 

33 ( 147 ) 41 ( 184 1 

84 ( 374 ) 115 ( 510 ) 

0.920 0.929 

2.0 2.4 

9 10 

Order No. 36824 
CWhmer Name Colorado Uning international . 
Pmjecr Nume 
Location Golden, CO 
'Modified 

Rocky Fiats Present Closure mi 9/25/2004 



ROLL IDENTIFIUTION I RESIN LNFORMATION 

Production Date 91'25/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length =(+I- 1%) 

width (Nominal) 22.5 feet Prooertv Test Method Results 
6.9 meters Densify, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq.feet Melt index, g/IO min. ASTM D I238 (190D.16) 0.35 

Weight 3,664 pounds 

1,170 sq. meters 

1,662 kilograms 

Physical Property Test Test Customer Mininrum Test Results 
MeChod Freauencv Ennlisli Metric Enalisli Metric 

Thickness, mil (mm) 
Average 

Minimum 

ASTM D 5199 
every roil 

every roll 

every 41h 

every 4lh 

every 4th 

-every 4tt- 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

Tensile Properties: ASTM D638,Type IV I D6693 
Break Strength, ppi (N/cm) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 

- -  - -(51 mm) -- -~ - - _ _  ---- - MD - 

Tear Resistance, ib. (N) ASTM D 1004 
- TD 

- MD 
- -  _ _  

Puncture Resistance, Ib. (N) ASTM D 4833 

228 

228 

800 

-800 _ ~ _  

33 ( 147 ) 

33 ( 147 ) 

262 

276 

906 

932- - . -  - 

(. 196 ) 44 

- 45 --(  200 ) 

84 ( 374 ) 125 ( 555 ) 

Density. g/tx .ASTM D 1505 
0.920 0.930 

Carbon Black Content, % ASTM D 1603' 
2.0 2.5 

Carbon Black Dispersion 
Views in cat1 '- cat2 

ASTM D 5596 
9 10 



Roll Test Datu Report 
Technology. Inc, Roll No. 104123238 

ROLL IDENTIFICATION RESIN INFORIUATION 

Roll Number 1W23ZM Lot Number CRG812060 

Product Name l-LW60A000 TVPe 7104 

Production Date 9/25/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Length q+/- 1%) 

width (Nominal) 22.5 feet P r o p e q  Test Method Results 
6.9 meters Densify, g/cc ASTM D 1505 0.9 18 

Sheet Area 

Weight 

12,600 sq. feet 
1,170 sq. meters 

Melt index, g/IO min ASTM D 1238 (190/2.16) 0.35 

3,675 pounds 
1,667 kilograms 

. . .  

'. Test Test Customer Mininruni Test Results 
Method Frequency English Metric English Metric Physical Property 

Thickness, mil (mm) ASN D 5199 

Average every roll 60 ( 1.5 ) 61 ( 1.6 1 
Minimum every roll 54 ( 1.4 ) 59 ( 1.5 1 

Tensile Properties: ASTM =,Type IV I D6693 
Break Strength, ppi (Wcm) - TD every 4th 228 314 

- MD every 4th 228 320 

Break Elongation, % -TO gauge length = 2.0' every 4th 800 991 

800 - MD 

Tear Res ishe ,  Ib. (N) 
-TD every 4th '33 ( 147 ) 42 ( 186 1 
- Mb every 4th 33 ( 147 ) 44 ( 197 1 

(51 mm) every 4th 

ASTM D 1004 

Puncture Resistance, Ib. (N) ASTM D 4833 
every 4th 84 ( 374 ) .  125 ( 558 ) ' ' 

ASIlvl D 1505 
every 4th 0.920 

I Carbon Black Content. % ASTM D 1603' 
every 4th 2.0 

Carbon Black Dispersion ' 

Views in Cat1 - Cat2 
ASTM D 5596 

every 4th 9 

0.928 

2.5 

10 



ROLL IDENTlFlCATlON RESIN lNFORMA TlON 

Roll Number 104123241 Lot Number CRG812060 
_I_ e p ~ m 6 0 ~ m -  --z .- 

=&zdz!N!&I I- ____ - - - __ I__ -. - 

Production Date 9L?&3m4 Supplier Chevron Phillips 

GSE RESIN TEST DATA Length qd- 196) 560 feet 
171 meters 

w-1 (Nominal) 22.5 feet Prove* Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet MeU index, g/lO min. ASTM D 1238 (190/2.16) 0.35 

Weight 3,710 pounds 

1,170 sq. meters 

1,683 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Mebic English Metric 

Physical Propem 

Thickness, mil (mm) 
I Average 

ASTM D 5199 
every roll 60 

Minimum every roll 54 

Tensile Properties: ASTM D638,Type IV I D6693 
Break Strength, ppi (N/cm) - TD every 4th 

- MD every 4th 

Break Elongation. % - TD 

- M K  -. - - - - .- 

Tear Resistance, Ib. (N). -a- - -TD 

- MD _ _  - _ -  . - _ - -  - - - 

Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon Black Content, % 
I 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

gauge length = 2.0' every 4th 

_ _  - _ _ _  (5LmmI ~ ._ _eVe_ryP!!l 

ASTM D 1004 

every 4th 33 
every4th - - 33 - -  . _  - _  - -  

ASTM D 4833 
every 4th 84 

every 4th 

every 4th 

every 4th 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

61 ( 1.6 1 
57 '( 1.5 ) 

301 

31 6 

965 

-. 1011 - 

43 ; (  190 ) - 

45 ( 198 
- 

118 -( 523 

0.929 

2.4 

10 



Roll Test Data Report 
I j m ) % l n p  Technolom Inc, Roll No. 104123242 

ROLL IDENTIFICATION . RESIN INFORMATION 

Roll Number 104123242 Lot Number CRG812060 

Product Name LLD060A000 DPe 7104 

Production Date 9/25/2004 Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

k n g t h  =(+I- 1%) 

Prouerty Test Method Result3 width (Nominal) 22.5 feet 
6.9 meters Density, glcc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/10 min. ASTM D 1238 (190D.16) 0.35 
1,170 sq. meters 

Weight 3,729 pounds 
1.691 kilograms 

'. Test Test Customer Minimum Test Results 
Method Frequency English Metric English Metric Physical Property 

Thickness, rnU (mm) ASTM D 5199 
AVeElge every rdi 60 ( 1.5 ) 61 ( 1.5 1 I 

Minimum every rdl 54 ( 1.4 ) 58 ( 1.5 1 I 

Tenslle Properties: ASTM =,Type IV I D6693 
Break Strength, ppi (Wcrn) - TD every 4th 228 30 1 I - MD every 4th 228 316 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 965 

- MD 

Tear Resistance, ib. (N) 
-TD 

(51 mrn) every 4th 800 

ASTM D 1004 

every 4th 33 ( 147 ) 43 ( 190 1- 1 
loll a I 

- MD every 4th 33 ( 147 ) 45 ( 198 I 
I Puncture Resistance, ib. (N) 

I Density, g/cc 

I Carbon Black Content, % 

Carbon Black Disperslon 
Views in Cat1 - Cat2 

ASTM D 4833 
' 118 ( 523 ) every 4th 84 ( 374 1 

ASTM D 1505 
every 4th . 0.920 

ASTM D 1603' 
every 4th 2.0 

ASTM D 5596 
every 4th 9 

0.929 

2.4 

10 

Order No. 36824 

Customer Name cdorado Lining International . 

Project Name 
Localion Golden, CO 
'Modified 

Rocky Flats Present ClOSUre 



Production Dale 91'25/2004 Supplier Chevron Phillips 

LQlWh z(+/- 1%) 560 feet GSE RESIN TEST DATA 

wah (Nominal) 22.5 feet Provertv Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D 1238 (190/2.16) 0.35 
1,170 sq. meters 

Weight 3,740 pounds 
1,696 kilograms 

Test . Test Customer Minimum Test Results 
Method Frequency English Metric English Metric 

Physical Propeq  

Thickness, mil (mm) 

Minimum 

AWK+ 

Tensile Properties: 
Break Strength, ppi (Wcm) - TD 

- MD 

Break Elongation, % - TD 

- - -  _ ~ _  _ _  1 Y L  
Tear Resistance, Ib. (N) 

-TD 
--MD _ _ _  - - __ - . -  

Puncture Resistance, Ib. (N) 

Density. g/cc 

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 5199 

ASTM D638.Type IV I D6693 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4 3  

ASTM D 1004 
every4th . 

eveG4th' 

every 4th 

every 4th 

every 4th 

every 4th 

- 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

60 ( 1.5 ) 62 ( 1.6 1 
54 ( 1.4 ) 60 ( 1.5 1 

228 281 

228 285 

800 935 

_ _  - 800 - - 927 
. _  2 .  

33 ( 147 ) 42 ( 185 1 
33 ( -  -147 ) - -  43 ( 192 1 

84 ( 374 ) 124 ( 551 ) 

0.920 0.929 

2.0 2.4 

9 10 



: 

Roll Test Data Report 
Technologv. Inc. ' .  

ROLL IDENTIFICATION 

560 feet 
171 meters 

Length =(+I- 1%) 

width (Nominal) 22.5 feet 
6.9 meters 

Sheet Area 12,600 sq. feet 
1,170 sq. meters 

Roll No. 104123248 

RESIN INFORMATION 
Lot Nuniber CRG812060 

Ope  7104 

SUDUlkr Chevron Phillips 

GSE RESIN TEST DATA 

Prouetiv Test Method Results 
Density, g/cc ASTM D 1505 0.918 

Melt index, g/lO min. ASTM D 1238 (190/2.14) 0.35 

Weight 3,660 pounds 
1,660 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Mebic English Me& 

Physical Propem ' .. 

ASTM D 5199 

Minimum 

Break Strength, ppi (Wcm) - TD 
Tensile Properties: ASTM D638,Type IV ID6693 

- MD 

Break Elongation, Yo - TD gauge length = 2.0' 
- MD (51 mm) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, dcc ASTM D 1505 

. I  Carbon Black Content. 'Yo 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

' every4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1 . 4 ' )  

228 

228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

273 

277 ' 

90 1 

123 ( 546 ) 

0.929 

2.5 

10 

Order No. 36824 
CUbmer  Nwne Colorado Lining International 
Project Name Rocky Flats Present Closure 
Location Golden, CO 

'Modified 
9/26/2004 



ROLL IDENTIFICATION RESIN INFORMATION 

- - CRG612060 Lot Number RoU Number 104123250 
- - - - -  - - _  - _ _  _ _ -  - -  - 

- -__ - - _ _ ~  _ _  - IITyFe- - _  
- -  

___ _- 
Production Date 9126QO04 Supplier Chevron Phillips 

Length =(+I- 1%) 560 feet GSE RESIN TEST DATA 

wah (Nominal) 22.5 feet Prove* Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D I238 (1 90/2.16) 0.35 
1.170 sq. meters 

1,677 kilograms 
Weight 3,696 pounds 

_~ 

Test Test Customer Minimum Test Results 
Method Frequency English Mebic Englis?i Me& 

Physical Propee 

Thickness, mil (rnm) ASTM D 51 99 
Average every roll 60 ( 1.5 ) 61 ( 1.6 1 
Minimum every roll 54 ( 1.4 ) 59 ( 1.5 1 

Tenslle Propertles: ASTM D638,Type IV ID6693 
Break Strength, ppi (Wan) - TD every 4th 228 313 I 

- MD every 4th 228 327 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 1043 ~ 

- - _  -MD- I __ - - (51 mm) __ - -every4th 800 _ _  1029 

Tear Resistance, Ib. (N) ASTM D 1004 
' -TD every 4th 33 ( 147 ) 40 - ( 179- ) 

- MD every 4th. 33 - (  147'-) --43 ( 193 -) 
. -  _-  

7- a- 
- -  

Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 4833 
every 4th 84 ( 374 ) 123 ( 547 ) 

ASTM D 1505 
every 4th 0.920 

ASTMD 1603' 
every 4th 2.0 

ASTM D 5596 
every 4th 9 

0.929 

2.5 

9 



. .  . . .  . . . .  . .  
I 

Roll Test Data Report 
*ninp Technolow. Inc. 

ROLL IDENTIFICATION 

Roll No. 104123277 

. RESIN INFORMATXON 
Roll Number 104123277 Lot Number CRH810060 

1 r n b  
71 04 
- _ .  Product Name LLW60A000 TYPe 

Production Date 9Q~f~O04 Supplier Chevron Phillips 

Length =(+I. 1%) 560 feet 

width (Nominal) 22.5 feet Prooelty Test Method Results 

GSE RESIN TEST DATA 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.91 9 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D 1238 (190/2.16) 0.34 
1,170 sq. meters 

Weight 3,706 pounds 
1,681 kilograms 

. Test Test Cwtomer Minimum Test Results \.. 

Method Frequency English Metric English Metric Physical Propetty 

Thickness. mil (mm) 
AVemge 

ASTM D 5199 

Minimum 

Break Strength, ppi (Ncm) - TD 
Tensile Properties: ASTM D638,Type IV / 06693 

- MD 

Break Elongation, % - TD gauge length = 2.0' 

- MD (51 mm) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, g/cc ASTM D 1505 

C a h  Black Content, % ASTM D 1603' 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

,9 

317 

285 

1040 

937 0 
44 ( 197 

45 ( 201 1 

117 ( 521 ) 

0.928 

2.6 

10 



-~ ~ 

Roll Test Data Report - 
__ _ _  _ _ _  _ _  - ___ - _ _ _  - - - - - 

I - - -  - __ 
Linine Teclinolom. Inc. 

ROLL IDENTlFICATION RESIN INFORMATION 
Roll Number 1041 23278 Lot Number CRH810060 

Roll No. 104123278 

_ _  
-_I __ -71 

- -  
- _-___I_-- - _  

.m - 

Production Date 9/2@4OW Supplier Chevron Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

L e W h  %(+/- 1%) 

Pronertv Test Method Results (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D IS05 0.919 

Sheet Area 12.600 sq. feet Melt index, g/lO min. ASTM D 1238 (19012.16) 0.34 
1,170 sq. meters 

Weight 3,708 pounds 
1,682 kilograms 

.. Test Test Customer Minimum Test Results 
Method Frequency English Metric English Metric Physical Property 

Thickness, mil (mrn) ASTM D 5199 
Average every rdl 60 ( 1.5 ) 61 ( 1.5 1 
Minimum every roll 54 ( 1.4 ) 58 ( 1.5 1 

Tensile Properties: ASTM D638,Type IV / 06693 
Break Strength, ppi (N/cm) - TO every 4th 228 31 7 

- MD every 4th 228 285 

Break Elongation, % - TD gauge length = 2.0' every 4th 800 1040 v 

-- __ __ - . - - MD - __ __ - __(51_mm) - - - -every 4th - -800 - - _ _ _  937 - 
- -  

Tear Resistance, Ib. (N) ASTM D 1004 
-TD . L  every 4th 33 ( 147 ) 44 (; 197 .) _ -  

-a 
every416 - -33- - (  . 147 ) 45- ( 201 ) --,- .- I-- - - - - - - - --- -:MD - -  - - - - - 

Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon Black Content. % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 4833 
every 4th 84 ( 374 ) 117 ( 521 ) 

ASTM D 1505 
every 4th 0.920 

ASTM D 1603' 
every 4th 2.0 

every 4th 9 
ASTM D 5596 

0.928 

2.6 

10 



Roll Test Data Report 
TechnoLon. Inc. 

I .  

Roll No.. 1041 232 79 
~~ 

ROLL IDENTIFICATION 

Roll Number 104123270 

Product Name -60Am 

Production Date 9LXWX04 

. RESIN INFORMATION 

Lot Number 

Ope 
Suuulier 

CRH81 OO60 

7104 . 

Chevron Phillips 

Length %(+A 1%) ' 560 feet 
171 meters 

width (Nominal) 22.5 feet 
' 6.9 meters 

Sheet Area 12.600 sq. feet 
1,170 sq. meters 

GSE RESIN TEST DATA 
~~~ 

Prouemt Test Method Results 
Density, g/cc ASTM D I505 0.919 

Melt index, g/IO min. ASTM D 1238 (I90D.16) 0.34 

Weight 3,706 pounds 
1,681 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Mebic EngWi Met& 

-. 
Physical ProperQ 

I 
' Thickness, mil (mm) 

Minimum 

Average 

Tensile Properties: 
Break Strength, ppi (Wcm) - TD 

- MD 

Break Elongation, Yo - TD 

' -MD 

Tear Resistance, Ib. (N) 
-TD 

- MD 

Puncture Resistance, ib. (N) 

Density, g k  

Cam Black Content, % 

Cahon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 51 99 

ASTM D638,Type iV ID6693 

gauge length = 2.0' 

(51 mrn) 
ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 

800 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

317 

285 

1040 

117 ( 521 ) 

0.928 

2.6 

10 

Order No. 36824 

CUhmer Nume Colorado Lining International 
Project Nume Rocky Flats Present Closure 
Localion Golden, CO 9/28/2004 

'Modified n n  



RecJrd at Haatm, Tarn  horn GSE Unlnp Technology, Inc. tha property described below. h apperent ~ood order, except M med lmtents end condldon of packages unknown). marked. consigned, 
d dached n hdlcasd below, whwl MM Carrier s g r w  to ceny to 
.Jd routa to derttnrtlan. ad M to each pony at any time htaresmd h PII or rmv d .aid popeny, that wary wrvlce Wormed hereunder rhdl ba subject to the rates ad contract agreed to in 

place d delivary at sa!d destination. It b n)utudly agreed M 10 each Csrrler of a11 or m y  said popeny,  war all or my pmion 

by GSE Udng Techno(ogy and Carder. GSE Llnlng TtchnoloQy'r obligation to pay freight charges for the shipment b condltionad on Ill tho existence of a saparae wrltten contract with the 
cakr haspa(ing tha freight end 12) the carrier's name appearing on chlt Bill 01 Lsdlng. snd other carriers mm bok SOW to a paw other then GSE Uning technology. *IC. for payment. 

. . . ~ 

.~ - 

Roll Certifications 

Branch Plant: 1500 -621 81 1 

ihipping Instructions : 
Contact Dan L. 303 841 -2022 24 hrs prior to delivery 

Sales Order 

36824 SO 

- 
No. 

urn 
1 

2 

3 

4 

5: 

6 

7 

B 

9 

10 

11 

12 

- 

Roll # 

104123237 

1041 23246 

1041 23253 

1041 23254 

1041 23255 

1041 23256 
- -. 

1041 23257 

1041 23258 

1041 23260 

1041 23266 

104123271 

1041 23274 

QTY 
Shipped 

12600 

12600 

12600 

12600 

12600 
_- ~ 

12600 - ._ - - .  

12600 

12600 

12600 

12600 

12600 

12600 

Total Quantity: 1 51,200 

- 

UM - 
SF 

SF 

SF 

SF 

S F- 

SF - 

SF 

SF 

SF 

SF 

SF 

SF 

- 

, Kind of Package, Description of Articles, 
Special Marks, and Exceptions 

UD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

LLDO6OAOOO- 

LLD060A000 

LLD060A000 

LLD060A000 

CLD060A000 

LLD060A000 

LLD060A000 

LLD060A000 

60 mil Avg UltraFlex 
Blk, VF, Smooth; 22.5' 

60  mil Avg UltraFlex 
Blk, VF, Smooth, 22.5' 

60  mil Avg UltraFlex 
Blk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF. Smooth, 22.5' 

60 Av-raTGx 
Blk, VF, Smooth, 22.5' 

60  mil Avg UltraFlex 
Blk, VF, Smkth. 22.5' 

60  mil Avg UltraFlex 
Blk, VF, Smooth, 22.5' 

60  mil Avg UltraFlex 
Blk, VF, Smooth, 22.5' 

60 mil Avg Ultraflex 
Elk, VF, Smooth, 22.5' 

60 mil Avg UltraFlex 
Elk, VF, Smooth, 22.5' 

60  mil Avg UltraFlex 
Blk, VF. Smooth, 22.5' 

60 mil Avg UltraRex 
Blk, VF, Smooth, 22.5' 

- -  

Total Weiaht: 44,434.00 

Weight 

3,656.C 

3,705.C 

3,698.C 

3,705.C 

3,710.C 
_ _  

3,708.C 

3,706.C 

3,702.C 

_ _  

3,694.C 

3,696.C 

3.734.c 

3.720.C 

Project# 51 51 22 

height charges are 
prepaid unless marked 
collect. 
Check box if collect. 

n 
Customer P.O. b: 

30966 

If this shipment Is to be 
delivered to consignor, 
consignor shall sign the 
following statement. 
Carrier may decline to 
deliver this shipment 
without payment of 
height and all other lawful 
charges. 

Signature of Consignor 

Local Verif ication ; 

Signed: 

X 

Pick Up # 

6361 RR 

Seal # 

Truckers P.O. # 

- - -  - -___- ~ _- - - - ____  
=Driver Requirements: CARRIER NAME: 

-. - - 
RRIER SIGNATURE: 

1) Driver must pre cnll 24 hrs prior to  delivery and on Friday for Monday delivery. 
2) Driver must call (281) 230-6781 when unloaded. 
3) Ddver must call-and advise any delay in transit. 
4) A copy of this BIL must accompany Freight Invoice. 

_ _ -  - - _ -  
DATE: 

ORIGINAL 



. .  Chevron Phillips 9/1/2004 1:33 PM PAGE 1/001 Fax Server 
t >* 

@' CoA Date: 09/01/200 

. - . . . _  -. . .  ._ 

Certificate of Analysis 

Shipped To: GSE L I N I N G  TECHNOLOGY I N C  HC CPC Delivery #: 86708432 
19103 GUNDLE ROAD PO #: 30131 
WESTFIELD TX 77090  Weight: 184350 LB 
USA Ship Date: 09/01 /2004 

Recipient: DON BOHAC Mode: Hopper Car 
Fax Car 8: PSPXOO2072 

Package: BULK 

Seal No: 429520 

Product: PE 7104 BULK 

Lot Number: CRG8 12060 
~~ 

Property Test Method Value Unit 

Melt Index ST- 103 0.35 

Production Date 08/01 /2004 

g/l Omi 
I . 1 Density ST-292 0.918 glcm3 

The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there is no wmanty of any kind, either expressed or implied, applicable to.its use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Donaldson 
Qu al i t y Control Super visor 

For CoA questions contact Peter Scheirman at 713-289-4799 

Page 1 of 1 

~~ 



Shipped To: GSE LINING TECHNOLOGY- INC HC CPC Delivery #: 867 11 033 
PO #: 30131 1 9 1 0 3  GUNDLE ROAD 

WESTFIELD TX 77090 Weight: 183300 LB 
USA Ship Date: 09/03/2004 

Recipient: DON BOHAC Mode: Hopper Car 
Fax: Car #: GOCX058 103 

Package: BULK 

Seal No: 429778 

Product: PE 7104 BULK 

Lot Number: CRH810060 

Property 
1 7  

Test Method Value Unit - - 
-0~34- - - - g/1 Orni 

ST-292 0.919 g/cm3 
8/2/2004 

Melt Index - - -  S T-1-03 . _- - - 
Density - - - 

, 8 Production Date 

___ ~ - . .  L 

F 
The data set forth herein have been carefully compiled by Chevron Phillips Chemical Company LP. 
However, there i s  no warranty of any kind, either expressed or implied, applicable to its use, and the user 
assumes all risk and liability in connection therewith. 

Kay F. Donaldson 
Quality Control Supervisor 

For CoA questions contact Peter Scheirman at 7 13-2894799 



Roll Test Data Report 
Technolom. Inc, Roll No. 104123237 

ROLL LDENTIFICATION . RESIN INFORMATION 

Roll Number 104123237 Lot Number CRG812060 

Product Name ~ J - D o ~ ~ A O O O  DPe 7104 

Production Date 9/25/2004 Supplier Chevron Phillips 

Length ==(+I- 1%) 560 feet GSE RESIN TEST DATA 
171 meters 

Prouerty Test Method Results W i h  (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.916 

Sheet Area 12,600 sq. feet , Melt index, g/IO min. ASTM D 1238 (190/2.16) 0.35 
1,170 sq. meters 

Weight 3,656 pounds, 
1.658 kilograms 

\ 

Physical Propem Test Test Customer Mininaum Test Results 
Method Freauencv Enelish Metric Enelish Mebic 

Thickness. mil (mm) 
Average 

Minimum 

Break Strength, ppi (Nlcrn) - TD 

ASTM D 51 99 

Tensile Properties: ASTM -,Type IV ID6693 

- MD 

Break Elongation, % - TD gauge lengih = 2.0' 

- MD (51 mm) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, @a ASTM D 1505 

Carbon Black Content, X 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 62 

54 ( 1.4 ) 59 

228 

. 228 

800 

800 

33 ( 147 ) . 44 

33 ( 147 ) 45 

84 ( 374 ) 125 

0.920 

2.0 

9 

262 

276 

906 

0.930 

2.5 

10 

Order No. 36824 
Customer Name Colorado Lining international ' 

Project Name 
Loc&n Golden, CO 
'Modified 

Rocky Flats Present Closure 

9/25/2004 



ROLL IDENTIFICATION * RESIN INFORMATION 
Roll Number 1041 23246 Lot Number CRG812060 

a 
Production Date 9/25/2004 Supplier Chevron Phillips 

Lengtlr q+/- 1%) 560 feet GSE RESIN TEST DATA 

Width (Nominal) 22.5 feet 

171 meters 
Propem Test Method Results 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190n.16) 0.35 
1.170 . sq. meters 

Weight 3,705 pounds 
1,681 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Met& English Metric Physical Property 

Thickness, mil (mm) 
Average 

Minimum 

Break Strength, ppi (N/cm) - TD 
Tensile Properties: 

- MD 

Break Elongation, % - TD 

- MD ~ _ _  - - -  -- 

Tear Resistance, Ib. (N) 
- TD 

- &  - MD 
Puncture Resistance, Ib. (N) 

ASTM D 5199 

ASTM D638,Type IV / 06693 

gauge length = 2.0' 

__ _ _ _  . (51-mm) 

ASTM D 1004 

.- 

ASTM D 4833 

everyroll . 60 ( . 1.5 .. ) 

every roll 54 ( 1.4 ) 

every 4th 228 

every 4th 228 

every 4th 800 

every4th_ - 800 

every 4th 33 ( 147 ) 

every 4th ' 33 -  ( 147 ) 

every 4th 84 ( 374 ) 

Density, g/cc ASTM D 1505 

Carban Black Content. % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 1603' 

ASTM D 5596 

every 4th 0.920 

every 4th 2.0 

every 4th 9 

281 

285 

935 

927 

-- 42 ( 185 1 
.43 ( 192 

124 ( 551 ) 

0.929 

2.4 

10 



Roll Test Data Report 
, 

pnine Technolom. Inc. Roll No. 104123253 

ROLL IDENTIFICATION . RESIN INFORMATION 
Roll Number ' 104123253 . LotNumber CRG812060 

7104 . . .  

Production Date 9/26/2004 Supplier Chevron Phillips 

Length q+/- 1%) 560 feet . GSE RESIN TEST DATA 

width (Nominal) 22.5 feet Prove* Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet 
1,170 sq. meters 

Melt index, g/IO min. ASTM D 1238 (19012.16) 0.35 

Weight 3,698 pounds 
1,677 kilograms . 

Test Test Customer Minimum Test Results 
Method Frequency Enghh Metric English Mebic 

-.. 
Physical Property 

Thlckness, mil (mm) . 

Average 
ASTM 0 5199 

Minimum 

Tensile Properties: ASTM D638,Type IV I 06693 
Break Strength, ppl (Wcm) - TD 

- MD 

Break Elongation, 'Yo - TD gauge length = 2.0' 

- MD (51 rnm) 

Tear Resistance, Ib. (N) ASTM D 1004 
-TD 

- MD 

Puncture Resistance, Ib. (N) ASTM D 4833 

ASTM D 1505 

Carbon Bladc Went,  'Yo ASTM D 1603' 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

8M) 

800 

33 ( 147 ) 

33 ( 147 ) 

84 ( 374 ) 

0.920 

2.0 

9 

325 

341 

1057 

43 ( 192 1 
44 ( ,194 ) 

122 ( 541 ) 

0.928 

2.5 

10 

Order No. 36824 
Cutomer Name Colorado Uning International ' 

Project Name 
Location Golden, CO 
'Modified 

Rocky Flats Present Closure 

9/26/2004 



I 

1 . -  

-- _ _ -  - _ -  - 
Roll Test Data Report 

_ _  _ ~ _ . _ _ _ _ _ _ - -  - - - _ _  - - __ - -__ 
Lininp Teclmolow. Inc. 

ROLL IDENTIFICATION 

Roll No. 104123254 

RESIN INFORMATION 
CRG812060 

_ _ . -  - 
t -  

Lot Number - 
Roll Number 104123254 

Production Date 9f2M33M Supplier Chewon Phillips 

- _ -  - - - Product Name UPY" - - 

a 
_ _ ~  - - _- - - -  

GSE RESIN TEST DATA 560 feet 
171 meters 

Length q+/- 1%) 

width (Nominal) 22.5 feet Properhr Test Method Results 
6.9 meters Dewily, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190/2.16) 0.35 
1,170 sq. meters 

Weight 3,705 pounds 
1,681 kilograms 

Test Res& Test Test Customer Minimum Physical Property Method Frequency English Metric English Metric 
ASTM D 51 99 Thickness, mil (mm) 

Average 

Minimum 

Tensile Properties: 
Break Strength, ppi (Wcrn) - TD 

- MD 

Break Elongation. % - TD 

- MD 
- __. - - -a  Tear Resistance, Ib. (N) 

-TD 

- MD - .- - 
Puncture Resistance, Ib. (N) 

Density, g/cc 

Carbon Black Content. % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

_ -  

ASTM D638,Type IV ID6693 

gauge length = 2.0' 

(51 rnrn) 
. __ - -. - - - - 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

_ -  evey 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 

54 . ( 1.4 ) 

33 ( 147 ) 

- 33 - (  -147- 

84 .( 374 1 

0.920 

2.0 

9 

325 

341 

1057 

- 1075 - 

-. -. 43 ( 192 1 
44 ( 194 1 

122 ' ( 541 ) 

0.928 

2.5 

10 

' I  



Roll Test Data Report 
! .  Technolom Inc. Roll No. 104123255 

ROLL IDENTIFlCATlON . RESIN INFORMATION 

Roll Number 104123255 Lot Number CRG812060 

Product Name DPe 7104 

Production Date 9I'W2004 S l l D D b  Chevron Phillips .. 
Length =(+I- 1%) 560 feet GSE RESIN TEST DATA 

w a h  (Nominal) 22.5 feet P r o n e e  Test Method 
171 meters - Results 
6.9 meters D e n s e ,  g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/IO min. ASTM D I238 (190/2.16) 0.35 

Weight 3,710 pounds 

1,170 sq. meters 

1,683 kilograms 

-- 
Test Test Customer Minimum Test Res& 

Method Frequency Ennkh Metric Enalisli Metric Physical Property 

Thickness, mil (rnrn) 
Average 

Minimum 

Tensile Properties: 
Break Strength, ppi (Wcm) - TO 

- MD 

Break Elongation, % - TD 

- MD 

Tear Resistance, Ib. (N) 
- TD 

-MD . 

Puncture Resistance, Ib. (N) 

Density, glee 

Carbon Black Content, % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5199 

ASTM 0638,Type IV I06693 

gauge length = 2.0' 

(51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 61 

54 ( 1.4 ) , 58 

228 

228 

800 

800 

33 ( 147 ) 43 

33 ( 147 ) 44 

04 ( 374 ) 122 

0.920 

2.0 

9 

325 

341 

1057 

0.928 

2.5 

10 

Order No. 36824 
Customer Name Colorado Lining International 
Project Name Rocky Flats Present closure 
Location Golden, CO 9/26/2004 
'Modified I \  A -  / I  

1 



ROLL IDENTIFICATION . RESIN INFORMATION 

- CRG812060 
_ -  __ - RoU Number 104123256 Lot Number 

- 7104--- - ----:I - -- __ -~ _.-____- - -  - - - -  I - - _ _  - ProductNume -=UWA000-  - >-: np-e 
- _ _  _ _  __ - _- - - - ---___ 

Supplier Chevron Phillips pF0iuFh-n D~e-9l2W2004 __ 

GSE RESIN TEST DATA Lerrgtlt Z(i% 1%) 560 feet 

Width ( N o m i d )  22.5 feet Prouerty Test Method Results 
171 meters 

6.9 meters Dewily, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190D.16) 0.35 

Weight 3,708 pounds 

1,170 sq meters 

1,682 kilograms 

I 

Physical Property Test Test Customer Minimum Test Resuh  
Method Frequency English Metric English Met& 

Thickness, mil (mm) ASTM D 5199 
AVerage 

Minimum 

Tensile Properties: ASTM D638,Type IV I 06693 
Break Strength, ppi (Wcrn) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 

(51 mm) . 
_ _  _ _  -- 

ASTM D 1004 
- TD 

- MD - - -  - .  

Puncture Resistance, Ib. (N) ASTM D 4833 

Density, g/cc 

Cabon Black Content, % 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

.. 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every roll 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th- 

every 4th 

every 4th 

every 4th 

every 4th 

- - -- . . .  

.~ 

60 ( . 1 . 5 )  61 

54 ( 1.4 ) 58 

228 

228 

800 ' 

800 

33 ( 147 ) 40 

33 ( - - - 1 4 7 - )  39 

84 ( 374 ) 120 

0.920 

2.0 

9 

( 1.5 1 
( 1-5 1 

269 

273 

925 

930 . - 

( 176 1 
( 171 1 

( 533 1 

0.928 

2.4 

10 



Roll Test Data Report 
I .  . -  ! * m p n i n a  Technolopv. Inc. 

ROLL IDENTIFICATION 

RoU Number 104123257 

Product Name LLCmOA000 

Production Date 9/26/2004 

560 feet 
171 meters 

width (Nominal) 22.5 feet 
6.9 meters 

Sheet Area 12,600 sq. feet 
1,170 sq. meters 

1,681 kilograms 
Weight . 3,706 pounds 

Roll No. 104123257 

. RESIN INFORMATION 
Lot Nunrber CRG812060 

O p e  7104 

Supplier Chevron Phillips 

GSE RESIN TEST DATA 

Prooem Test Method Results 
Density, g/cc ASTM D 1505 0.918 

Melt index, g/lO min. ASTM D 1238 (190n.16) 0.35 

~~ 

Test Test Customer Mininiunt Test Results 
Method Frequency Englkh Mebic English Metric 

-. -. 
Physical Propeq 

Thickness, mil (mm) 
Average 

Minimum 

Tensile Properties: 
Break Strength, ppi (Wcm) - TD 

- MD 

Break Elongation, % - TD 

- MD 

Tear Resistance. Ib. (N) 
- TD 

- MD 

Puncture Resistance, Ib. (N) 

. Carbon Black Content, % 

Carbon Black Dispersion 
. Views in Cat1 - Cat2 

ASTM D 5199 

ASTM D638,Type IV I D6693 

gauge length = 2.0' 

(51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

. every rdl 

every roll 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 , )  61 

54 ( 1.4 ) 59 

228 

228 

800 

800 

33 ( 147 ) 40 

33 ( 147 ) 39 

84 ( 374 ) 1'20 

0.920 

2.0 

9 

269 

273 

925 

0.928 

2.4 

10 

Order No. 36824 
Customer Name Cdorado Lining International 
Project Name Rocky Fiats Present Closure 
Location Golden, CO 

'Modified 



- .  
. _ - - -  ~ 

- -- 
Roll Test Data Report 

__ - -  

Roll No. 104123258 

R O U  IDENTIFICATION . RESIN INFORMATION 
Boll Nuntber 104123258 tot  Number CRG812060 

- - _ _  
__- - - - - -=-ope  - -7.1 0 4 -  - -Product Name _!6_OAOp _ _  _ _ _ _ -  - I 

- 

-production D&e-9/26/2004- - Supplier Chevron Phillips 
-- - 

GSE RESIN TEST DATA Length =(+I- 1%) 560 feet 

w a l l  (Nominal) 22.5 feet Prooedy Test Method Resub 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12,600 sq. feet Melt index, gIl0 min. ASTM D 1238 (190L2.16) 0.35 

Weight 3,702 pounds 

1,170 sq. meters 

1,679 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Mebic English Mebic 

Physical Property , 

Thickness, mil (mm) 
Average 

ASTM D 5199 

Minimum 

Tensile Properties: ASTM D638,Type IV 1 D6693 
Break Strength, ppi (N/cm) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0' 
I 

- MD (51 mm) 

ASTM DTOi 
_ _  -- 

- a- - Tear Resistance. lb. (N) 
- T D  

- MD __. -- - I - - .  - -  
I Puncture Resistance, Ib. (N) ASTM D 4833 

. -  

every roll 60 ( 1.5 ) 61 ( 1-5 1 
every roll 54 ( 1.4 ) . 59 ( 1.5 1 

every 4th 228 269 

every 4th 228 273 
! every 4th 800 925 

every 4th 800 930 - - 

40 ( 176 1 every 4th 33 ( 147 ) 

- every4th- - -33 ( 147 )- 39 - ( 171 ) -a 

every 4th 84 ( 374 ) 120 ( 533 ) 

~ Density, g/= ASTM D 1505 

Carbon Black Content, X 

Carbon Black Dispersion 
Views in Cat1 - Cat2 

c 

ASTh4 D 1603' 

ASTM D 5596 

every 4th 0.920 0.928 

every 4th 2.0 2.4 

every 4th 9 10 



, 
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Roll Test Data Report 
Linina Technology. Inc. Roll No. 104123260 

ROLL IDENTIFICATION . RESIN INFORMATION 

Roll Number 104123260 Lot Nuntber CRG812060 

Product Name UW60A000 l L p e  7104 

Production Date 9Q7f2004 Supplier Chewon Phillips 

560 feet GSE RESIN TEST DATA 
171 meters 

Lerrgth q+/- Z%) 

width (Nominal) 22.5 feet ProDem Test Method Results 
6.9 meters Density, g/cc ASTM D 1505 0.918 

12,600 sq. feet Melt index, g/lO min. ASTM D 1238 (190/2.16) 0.35 
1,170 sq. meters 

Sheet Area 

Weight 3,694 pounds 
1,676 kilograms 

.. .. Test Test Customer Minimum Test Results 
Method Frequency English Metric English Mebic ~l;ysical Property 

Thlckness, mil (mm) 
Average 

Minimum 

Tensile Properties: 
Break Strength, ppi (Wcm) - TD 

- MD 

Break Elongation, YO - TD 

-MD , 

Tear Resistance, Ib. (N) 
- TD 

- MD 

Puncture Resistance, Ib. (N) 

Density, CYCc 

Carbon Black Content, YO 

Caftum Black Dispersion 
Views in Cat1 - Cat2 

ASTM D 5199 
every roll 

every roll 

every 4th 

every 4th 

every 4th 

(51 mm) every 4th 

every 4th 

every 4th 

ASTM D638,Type IV / 06693 

gauge length = 2.0' 

ASTM D 1004 

ASTM D 4833 

, ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 60 
54 ( 1.4 ) 59 

228 

228 

800 

800 

33 , (  147 ) 40 

33 ( 147 ) 40 

84 ( 374 ) 111 

0.920 

' 2.0 

9 

271 

274 

91 3 

0.928 

2.3 

10 

Order No. 36824 

Customer Name Colorado Lining International . 

project Name 
Location Golden, CO 

'Modified 

Rocky Flats Present Closure 

9/27/2004 



- ____-__---- - _ _ -  
Roll Test Data Report 

--. 
~ 

__ ~ - -  

TechnoloXInZ. Roll No. 104123266 
__ I-- - - 
- i - .--- 

- 

... 

ROLL IDENTIFICATION . RESIN INFORMATION 
RoU Nunrber 1041 23266 Lot Number CRG812060 

Product Name -_4!!6OAOOO - - - - - -Qpe- - - 
__ 

- -  - - . -  - -  - ____ ---- --- - - - _ _  - - ~  
- Productioii Diiie- 9E7Q004- - Supplier C h e m  Phillips 

GSE RESIN TEST DATA Lertgth q+/. 1%) 560 feet 

width (Nominal) 22.5 feet Prooetiy Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12.600 sq. feet Melt index, g/lO min. ASTM D 1238 (190D.16) 0.35 
1,170 sq. meters 

Weight 3,696 pounds 
1,677 kilograms 

Customer Minimum Test Results Test Test 
Method Frequency English M e w  English Metric Physical Property 

Thickness, mil (mm) 
Average 

Minimum 

ASTM D 51 99 

Tensile Properties: ASTM D638.Type IV 1 D6693 
Break Strength, ppi (N/cm) - TD 

- MD 

Break Elongation, % - TD gauge length = 2.0’ 

- MD (51 mm) 

ASTM D io04 
- - 

- Tear Resistance, Ib: (N) 
- TD 

-MD -- _ _  - 
Puncture Resistance, Ib. (N) ASTM D 4833 

Density, g/cc ASTM D 1505 

C a b n  Black Content, % ASTM D 160T 

every roll 

every rdl 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

-_ - 

Carbon Black Dispersion ASTM D 5596 
Views in Cat1 - Cat2 every 4th 

60 ( 1.5 ) 60 

54 ( 1.4 ) 58 

228 

228 

800 

800 __ 

33 ( 147 ) 42 

33 - - (  -147 ) ‘44 

84 ( . 374 ) 115 

0.920 

2.0 

9 

( 1.5 1 
( 1.5 1 

324 

35 1 

91 6 

1102 - 

( 1% 1 
( 195 ) - , 

( 512 1 

0.930 

2.5 

10 

_- 

orado Lming International 
- -  - - - -project Name - Rocky Flats Present Closuie 

- _ _  Customer Name 

Golden, CO 



Roll Test Daia Report 
# Cinina Technolom. Inc, Roll No. 104123271 

ROLL IDENTIFICATION . RESIN INFORUATION 
Roll Number 104123271 Lot Number CRG812060 

Product Name U-DO60A000 Type 7104 

Production Date 9f27f2004 Supplier Chevron Phillips 

Length q+/- 1%) 560 feet GSE RESIN TEST DATA 

Prouert)! Test Method Results 
171 meters 

width (Nominal) 22.5 feet 
6.9 meters Density, g/cc ASTM D 1505 0.918 

Sheet Area 12.600 sq. feet Melt index, g/lO min. ASTM D 1238 (190D.16) 0.35 
1.1 70 sq. meters 

Weight 3,734 pounds 
1,694 kilograms 

' .. Test Test Customer Minimum Test Results 
Method Frequency English Mebic Enghlr Metric Physical Property 

Thickness, mil (mm) 

Minimum 

Average 

Tensile f roperties: 
Break Strength, ppi (N/cm) - TD 

- MD 

Break Elongation, % - TD 

- MD 

Tea Resistance, Ib. (N) 
- TD 

- MD 

Puncture Resistance.,lb. (N) 

Carbon Black Content. % 

Carbon Black Dispersion 
Views In Cat1 - Cat2 

ASTM D 5199 

ASTM D638,Type IV I D6693 

gauge length = 2.0' 

(51 mm) 

ASTM D 1004 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every rdl 

every roll 

every 4th 

every'4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

60 ( 1.5 ) 62 

54 ( 1.4 ) 59 

228 

228 

800 

800 

33 ( 147 ) 44 

33 ( 147 ) 46 

84 ( 374 ) 121 

0.920 

2.0 

9 

317 

329 

905 

0.928 

2.3 

10 



_ -  __ - .- _ -  - -  
Roll Test Data Report 

Roll No. 104123274 

ROLL IDENTIFICATION - RESIN INFORMATION 
Roll Number 104 123274 Lot Number CRH810060 

.. 

GSE RESIN TEST DATA Let@ =(+I. 1%) 560 feet 

W a t  (Nominal) 22.5 feet ProDea Test Method Results 
171 meters 

6.9 meters Density, g/cc ASTM D 1505 0.919 

Sheet Area 12.600 sq. feet Melt index, g/IO miiz. ASTM D 1238 (19012.16) 0.34 
1,170 sq. meters 

,Weight 3,720 pounds 
1,687 kilograms 

Test Test Customer Minimum Test Results 
Method Frequency English Metric English Metric 

Physical Property 

Thickness. mil (mm) 
Average 

Minimum 

Break Strength, ppi (Nlcm) - TD 
Tensile Properties: 

- MD 

Break Elongation, % - TD 

- MD 

-Tear Resistance;lb;(N) - - 
-TD 

- MD 

Puncture Resistance, Ib. (N) 

Density, g/a 

Carbon Black Content, % 

Carbon Black Dispersion 
Views In Cat1 '- Cat2 

ASTM 0 5199 

ASTM D638,Type IV / 06693 

gauge length = 2.0' 

(51 mm) 

ASTM-D 1004 
- 

ASTM D 4833 

ASTM D 1505 

ASTM D 1603' 

ASTM D 5596 

every rdl 

every rdl 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

every 4th 

- 

60 ( 1.5 ) 

54 ( 1.4 ) 

228 

228 

800 

800 _ -  

33 ( 147 .) 

- 33 ( - 1 4 7 )  

84 ( 374 ) 

0.920 

2.0 

9 

330 

338 

926 

1061 - - - 

44 ( 195 1 - 
-46- ( -205 ) 

I 
123 ( 546 ) 

0.928 

2.6 

10 


